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The waters of the State have been recognized by the Geological 
Survey as a part of its mineral resources, and therefore as coming 
within the scope of its investigations and surveys. The hydrography — 
has been {included in the work of the topographic survey, and the 
surface-waters have been described in the first volume of this series 
of a final report. The courses of the streams and their drainage 
basins are shown in detail on the topographic maps of the State. 
Water as a mechanical agent in its action upon the surface and in 
relation to important facts in the geologic history has been studied 
carefully, and particularly in the form of ice in the glacial period. 

The need of wholesome water for household consumption, as also 
good water for use in the arts, has prompted many inquiries about the 
available sources from which steady and abundant supplies of such 
water may be had, and the large number of these inquiries has 
demonstrated the necessity of gathering all of the facts relative to the 
occurrence of waters on the surface and in the earthy and rocky beds 
under it. ' 

The first publication of the Geological Survey on the subject was 
in a chapter on “ Water,” in the “Geology of New Jersey,” 1868. 
Chemical analyses of the waters of the larger rivers of the State and 
of a few typical well-waters were given in this volume. In the 
annual report of the State Geologist for the year 1874 the importance 
of good water for the supply of the cities and towns of the State was 
again discussed, and the Highlands were referred to as a desirable 
source for these supplies. In 1876 the question of public water- 
supply for the cities in the northeastern part of the State was put 
before the Board of Managers of the Survey by the authorities of 
these cities, and the help of the Survey was asked. A large part of 
the report for the year 1876 was devoted to the subject of water- 
supply, illustrated by a map of the Passaic drainage basin, and its 
lakes and sites for storage reservoirs. Many analyses were given to 
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show the excellence of the waters of the Highlands and their value 
as compared with existing supplies. The data obtained by the field 
surveys and the laboratory work of that year have been useful in the 
general information afforded and in their practical application to the 
work of getting new city supplies in that part of the State. The 
importance of the subject has been still further shown in the space 
given to it in the annual reports published since 1876. Water-supply 
has become one of the leading topics. Our knowledge of the State 
and its natural waters given in these annual reports is due to the far- 
sighted and comprehensive views of the subject held by the late 
Prof. Cook, State Geologist, and expressed in the practical work 
which he started. The subterranean as well as the surface-waters 
were studied in their accessibility, volume and character, and the 
artesian wells along the Atlantic coast belt of the State are demon- 
strations of the accuracy of his studies. 

The work for this volume on water-supply was begun in 1890, 
and was put in charge of Mr. C. C. Vermeule, the topographer and 
consulting engineer of the Geological Survey. His intimate knowl- 
edge of the physical geography of the State, obtained during his long 
service at the head of the topographic division of the Survey, was a 
-most valuable basis for the study of the hydrographic features and a 
comprehensive treatment of the question of water-supply in New 
Jersey. Reports on the progress of the work have been made 
annually, and many facts on stream-flow, evaporation, rainfall and 
city consumption of water have been given in them. A census of the 
water-powers of the State was made in 1890 and 1891 and was pub- 
lished in the annual report for 1891. Observations upon stream-flow 
have been carried forward from the beginning of the work and 
careful gaugings of the large streams have been made. Valuable 
data relative to stream-flows in the adjacent Middle Atlantic and the 
New England States have been collected and discussed. In these 
reports on the progress of the work much information of practical 
value has been made accessible and available. The publication of the 
final results in this volume has been delayed beyond the time allotted 
to it when the work was begun. The longer periods of observation 
and the greater accumulation of data for a thorough discussion of the 
problems of rainfall, evaporation and stream-flow, and their relations 
to one another and to the various drainage basins of the State, have 
yielded results of permanent value in all studies of water-supply. 
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The large influence of geological conditions upon storage and delivery 
of ground-water is here shown clearly in the diverse phases of the 
streams of the northern and southern parts of the State, and the true 
bearing of evaporation and ground-storage upon stream-flow is 
demonstrated. The preponderating effect of temperature in deter- 
mining the amount of evaporation and consequently the total run-off 
of streams for a given rainfall, and the entirely subordinate influence 
exerted by forests or other vegetation thereon, seem proven by these 
studies. These and other phenomena incidentally developed promise 
to be valuable sidelights upon other scientific and economic problems. 

The indicated certainty of occasional periods of small rainfall, and 
the persistencé of evaporation as determined by temperature for the 
various sections of the State, are suggestive of conservative estimates 
for the yield of water-gathering territory ; but, on the other hand, 
the revelation of the important and reliable yield of ground-waters at 
such times gives greater confidence that our estimated minimum yield 
will not fail us. 

The collation of much valuable data hitherto scattered and inacces- 
sible, from sources without the State, the direction of his field-work 
so as to fill out these data and render them available for application 
to our own streams, and finally the careful study and analysis of the 
whole, have enabled Mr. Vermeule to produce a report which must 
become a hand-book to people of the State and of great value to all 
who may be engaged in like studies elsewhere. 

The importance of this question of water-supply to our citizens, 
most of whom are dependent upon public water-supply systems, and 
its intimate relation to the general health, make it deserving of the 
time and space which have been allotted to it in this report. The 
subject is a growing one and the conditions are so rapidly changing 
that no report thereon can be considered final. The space here given 
to it is inadequate to its full discussion. It merely rounds out an 
epoch in the accumulation of information therein for public use. 

JoHN C. Smock, 


State Geologist. 
TRENTON, N. J., June 26th, 1894. 
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INTRODUCTION. 


The task of preparing a report upon the hydraulic resources of the 
State, which should be a hand-book of our streams and a guide to 
their utilization for the supply of communities in search of more 
abundant or purer water for domestic consumption, or for water- 
power purposes, was first undertaken in 1890. 

Since its inception the Survey has included these waters among the 
natural sources of wealth which it was designed to aid in the develop- 
ment of. In the Geology of New Jersey, 1868, a short chapter was 
devoted to the subject, and several analyses of river and well-waters 
published. In every annual report since 1874, it has received some 
attention; more and more as the growth of our city population has 
continued at a rapid rate, and the demand for a larger and better 
supply of water consequently increased. Then, too, our State and 
local Boards of Health have become vigilant and critical, and a more 
general observance of sanitary laws has caused the rejection of sources 
once considered adequate. 

The completion of the topographic survey furnished full and 
accurate data as to the size of water-sheds, their configuration, extent 
of forests, facilities for artificial storage and much other information 
necessary for the intelligent study of our streams. 

These conditions of better facilities for the work and steadily- 
increasing demand for its results made the time opportune for its 
undertaking. The greatest obstacle in the way was the lack of accurate 
measurements of the flow of our streams and of time in which to 
obtain series of gaugings covering periods long enough to embrace a 
sufficient range of rainfall and flow-off to make deductions therefrom 
safe and valuable. Our experience with such observations has led 
us to place little reliance upon the results of one or two years taken 
alone, although such short series may become valuable when used 
carefully in connection with longer series upon other similar streams. 
The consequence has been, first, that we have prolonged our investi- 
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gations beyond the time originally allotted to them in order to per- 
fect our data, and second, that we have proceeded to avail ourselves 
of all that had been done elsewhere in this line, which would apply 
to our conditions. Some long series of gaugings on water-sheds 
resembling our own in location and topographical conditions have 
been collected, re-arranged and are published for comparison and 
study, 

The time was thought to be too brief to obtain such long series for 
our own streams, but we proceeded to collect such data as would 
enable us to compare them with those for which we had gaugings. 
Fortunately, we have had placed at our disposal records which have 
enabled us to compute the flow of the Passaic for seventeen years, 
and thus to add a valuable contribution to the study of this subject of 
stream-flow. It is to be noted that this Passaic series and the similar 
Croton series together cover a period of over a quarter of a century, 
and therefore practically all the conditions of rainfall which are likely 
to occur at any time. We are especially fortunate in obtaining so 
many good series typical of New Jersey water-shede, and with the 
shorter ones which we have from our own gaugings, we feel'that we 
have quite enough data for reliable deductions. 

From these long-series observations we have attempted to devise a 
formula for computing stream-flow which would conform to observed 
phenomena and be generally applicable to all streams, believing such 
a procedure to be quite possible and more practical and consistent 
than any method of treatment of the subject which we found ready 
at hand, 

It is with much hesitation that we undertake here the application 
of a theory that is entirely new, but we must plead necessity as our 
excuse. The methods which have prevailed in computing stream flow 
heretofore have not been, and have scarcely pretended to be, scientific 
and natural. They do not follow natural laws. The fundamental 
idea seems to be that the amount of water flowing off of a given area 
within any given period is some percentage of the rain falling upon 
that area in such a period. A moment’s reflection wili show the fal- 
lacy of such reasoning. We have records of many months in which 
the rainfall was less than evaporation and not a particle of rain 
reached the streams, yet in those months the streams continued to 
flow and yield a substantial amount of water. Again, we have many 
instances in cur records of flow, during the winter and early spring 
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months, when the total stream-flow was much greater than the total 
rainfall, and, indeed, such a state of affairs is not uncommon for sum- 
mer months also. Any system of percentages in such cases leads to 
blunders too absurd to be tolerated. The impossibility of making 
any system of percentages yield results in accord with what is actually 
shown in our tables of rainfall and flow, forced us to seek some more 
reliable method of estimating the flow of our streams, and we hope 
that the results will find approval. Indeed, our experience has 
taught that percentages and averages, when applied to stream-flow, 
not only give erroneous results, but hide the truths which would 
otherwise be apparent enough. In consequence we have carefully 
avoided such percentages and averages in making our analyses. 

The reader who has followed the results of our studies in the 
annual progress reports, and who now compares them with the 
formule and method adopted in this book, will appreciate that 
we have not stumbled upon our method. It has been a slow and 
halting progress, always on the same lines but starting out with some 
natural obscurity. These annual reports are now entirely superseded 
by this book, and you are in all cases to accept this as correct where 
a difference is noted in data or conclusions. It is based on fuller ob- 
servations and a clearer conception of the laws of stream-flow, 
evaporation, demands of vegetation and quantity and rate of delivery 
of ground-waters, than we possessed in 1890, or even one year ago. 

Even up to the hour of going to press the collection of data has 
proceeded, and we have found it necessary to confine our work to that 
portion which was in hand long enough before to admit of its careful 
reduction and analysis. The present report, therefore, must not be 
considered final in the sense that it is conclusive, and the results here 
given may yet be subject to modification. We only claim for them 
greater accuracy than has heretofore been attainable. 

We are also aware of certain imperfections in our formule, some 
of which we have pointed out in applying it and all of which we 
have furnished the means of judging of. Most of these imperfections 
might be corrected, excepting that we have feared to make the method 
too complicated for easy practical application. 

We are especially pleased that the results as to the amount of water 
collectible, given by our system of computation, are so well in accord 
with the conclusions of the more conservative hydraulic engineers. 
Such conclusions, based on the experience of a remarkably careful 
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and competent body of observers, are not likely to be far from the 
truth, and it is especially gratifying to have been able to verify them 
by a method which does no violence to natural law in any of its 
stages of reasoning. We do differ from some authorities in ascribing 
causes for variation in the yield of streams for a given rainfall and 
in other incidental matters; but as to most of these, they are not 
well agreed, and we trust that they will find little difficulty in accept- 
ing our conclusions as to such minor details. 

In estimating the supplying capacity of a water-shed, it is always 
very important to be conservative. A failure of the supply may lead 
to disastrous results, while an excess is always to be looked for in 
years of heavy rainfall. Our records on the Passaic, for instance, 
show yearly rainfalls ranging from 36.68 inches to 70.88 inches, and 
a yield of the stream of from 16.56 to 42.23 inches. 

With a very large reservoir capacity, it might be thought possible 
to carry over stored water from the full years to the deficient ones, but 
the danger of any attempt of this kind is well shown by the records 
of flow during successive dry years on the Croton, Sudbury and Pas- 
saic. It will be noted that frequently the flow for eighteen consecu- 
tive months or so, embracing parts of two years, will be at a lower 
rate than that shown by the least calendar year. 

There seems to be a tendency towards periods in rainfall which 
exposes us to the danger of two or more years of low rainfall coming 
in succession, consequently our basis in computations of this character 
must be the yield for the driest period. 

The water-supply resources of New Jersey are excellent, and if 
they are judiciously developed will support the needs of a very large 
population, but the present and prospective demands are also large. 

In 1882 the population in the State dependent upon systems of 
public water-supply amounted to 587,660, using 48,923,406 gallons 
daily. In 1894, 1,114,403 persons were supplied with 107,840,361 
gallons daily. In twelve years the population supplied nearly 
doubled and the consumption of water had increased 120 per cent. The 
per capita consumption now averages 97 gallons daily, and ranges 
from 60 gallons in towns of less than 15,000 population to 149 gal- 
lons in the city of Camden. Of the total supply in 1894, about 
8,000,000 gallons daily was drawn from wells and 100,000,000 from 
streams. 

The southern New Jersey cities are rapidly increasing in size and 
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importance, and this subject is demanding more and more attention 
from them, but it is in the northeastern counties that it assumes the 
greatest importance. ‘This is not alone due to the large urban popu- 
lation within our own borders, but to the great and growing metro- 
politan district of which it forms a part. This district may be taken 
to include the counties of Hudson, Essex and Union, with Passaic 
northward to Paterson, and Bergen to Hackensack and Englewood, 
in our own State; New York, Kings and Richmond, with Long 
Island City and Newtown in Queens county, in the State of New 
York. Practically, all of the population thus included will soon be 
dependent upon public water-supply. Its magnitude and growth ' 
are shown in the following table compiled from the United States 
census : 


METROPOLITAN NEW JERSEY PORTION ql ‘ 
DISTRICT. OF SAME. crane 
YEAR. = 

A 12 t. ° Per itr : P t. 
Population. ries Population. es Population. “ii 
VS 40 eseesy BOS, OU Lal Mesvcueunaececd TEV eeariricesehaono DLO BO Aiileceteasecoes 
NS50 es. 798,066 76.0 116,932 61.8 519,983 64.4 
1860...... 1,375,400 72.3 224,617 92.0 830,369 60.0 
SO veces: 1,815,454 32.0 370,957 65.0 971,273 17.0 
1880...... 2,387,910 31.5 516,192 39.1 1,206,299 24.2 
189 0tr ees 3,180,038 33.2 726,442 40.8 1,515,301 25.6 


For the last three decades the whole district has increased in popu- 
lation quite uniformly at the rate of 32.2 per cent. per decade. The 
New Jersey portion has preserved an increase of 40 per cent. for the 
last two decades. We may estimate the future increase at 30 and 40 
per cent. respectively. This gives the following future population: 


New Jersey Portion 


Metropolitan District. of the Same. 
MOC OMace eerie ateactheheiskica ee ceette ste 4,134,000 1,017,000 
TOLO pete Leet ssecens 5,374,000 1,424,000 
TODO Pe caccaceaetenetaedesessces Aone 6,986,500 1,993,000 
TOOG) et. picts tee eens ienions 9,082,000 2,791,000 
OA aEaE emp ret ee cetiansicncree 11,807,000 3,907,000 


TOSU roe eet does sic aeuns 15,349,000 5,470,000 
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The present consumption in this district averages closely 100 gal- 
lons daily per capita. At this rate, the whole supply needed will 
amount to 1,500,000,000 gallons daily by 1950. Our investigations 
show that the supplying capacity of the neighboring water-sheds for 
the driest year does not exceed 14 inches of rainfall. This amounts 
to practically two-thirds of a million gallons daily for each square 
mile of water-shed, and the above demand will require the total yield 
of 2,250 square miles of water-shed, the equivalent of three streams 
as large as the Passaic above Paterson. 

While the demand thus increases, the supply of pure and whole- 
some water near at hand decreases because of the encroachments of 
population and its attendent defilement of streams. This whole area 
must shortly be supplied from sources without, and it is the consider- 
ation of these facts which has led to investigation of available sources. 
of supply. 

This great prospective demand for potable waters and wholesome 
gathering-grounds in the vicinity of our northeastern cities is of 
interest to our citizens, but they are even more directly concerned 
with the demand which will arise within our own borders. By 1950 
our estimate shows that the New Jersey portion of this population 
will itself require a supply of 547,000,000 gallons daily, or the total 
yield of 820 square miles of drainage area. It will not be an easy 
matter to find so much water as this without going to the Delaware 
river or its tributaries. Since fifty years cannot be considered a long 
time in the future for which to make provision, it is evident that the 
time has come for us to know what our resources are and to provide 
for their preservation and wise development. 

Our Highland water-sheds, to which we call attention more fully 
hereafter, must be the first source from which this demand is to be 
met. They lie convenient to the metropolitan district, at a sufficient 
elevation for delivery of their waters by gravity, are not populous,. 
have just the right amount of forest, geological and topographical 
conditions favorable to purity, and if they could be preserved in their 
present favorable condition would form in all respects an ideal 
gathering-ground. They have already begun to be utilized, and 
every succeeding decade must see a more rapid advance in their devel- 
opment. They are also threatened at points with pollution. 

Their protection and conservation for the future needs of the State 
seem to be merited by their unusual excellence. 
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The present report deals largely with the peculiarities of our water- 
sheds favorable or unfavorable to purity rather than with chemical 
analyses to indicate the fitness of streams for water-supply. The 
examination of a water-shed will reveal to the experienced eye its 
fitness or unfitness for such purpose, and will indicate what analyses 
may be expected to reveal. Such analyses, in order to be reliable 
indications of the quality of a stream, should be taken at intervals 
throughout at least one year. A water-shed may show upon exam- 
ination elements of danger which no careful sanitarian can ignore, yet 
one or two analyses may fail to indicate the presence of anything 
deleterious in the waters. If, on the other hand, the examination of 
a water-shed shows conditions naturally favorable to purity, yet a 
given analysis reveals elements of danger, it will usually be found 
that these are traceable to accidental or artificial causes which are 
within the reach of ordinary remedies. In brief, we cannot make up 
for the lack of general conditions favorable to purity. Such condi- 
tions are usually permanent, and their presence or absence is of first 
importance in selecting a source of public water-supply. For this 
reason we have, in general, considered it preferable to leave chemical 
and microscopical examinations to be made as they are needed. 

We have published a collection of chemical analyses and have sup- 
plemented these by a few made especially for this report, but the 
principal aim in view has been not to detect or indicate pollution, but 
rather to give a good idea of the chief chemical characteristics of our 
stream-waters in their natural state, and of those known to be badly 
polluted. The whole is designed as a general guide to which future 
analyses may be referred, or for purposes of comparison of various 
classes of streams. 

In this, as in all, the report. deals primarily with the natural 
resources of the State, without attempting any examination or criti- 
cism of existing systems of public water-supply. Where the streams 
are known to have become dangerously contaminated or to be seriously 
threatened attention is called to the fact, but conditions of population 
and sources of contamination are undergoing so rapid a change in 
many parts of the State that chemical or microscopic analyses, how- 
ever elaborate, made now are almost sure to become valueless, and 
may become misleading a few years hence. 

Next to the subject of water-supply comes that of water-power. 
There are many reasons why a study of these two should go hand in 
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hand, but foremost are the facts that both need the investigation of 
amount of available stream-flow and that the two interests come con- 
tinually into conflict. Such an investigation must be an aid in deter- 
mining the proper status and importance of each and in directing 
their development on lines which will reduce the probability of serious 
interference. The water-power interests of the State have never be- 
fore received much attention. For a time an impression prevailed 
that water-power had passed its day of usefulness, and property of 
this character was depreciated in consequence. The error of this is 
demonstrated by the results of our canvass of the water-powers. The 
amount of water- power in use has never been as great as at present. 

Taking the census figures for 1870 and 1880, and comparing them 
with our own, we have: 


1870. 1880. 1890-91. 
Net H. P. Net H. P. Net H. P. 
Motalhoo wer IMMise.ces.caatanevecsoenentoe 25,832 27,066 30,870 
Flouring and grist-mills.................. 11,108 12,183 12,880 
DAWaNMIS, “Wehr cceevecseosescesenreccstieciits Licccrsase 3,903 4,085 


This shows a small but steady increase in each decade, amounting 
in the last to 14 per cent. It does not show the real changes which 
have taken place, for there has been a steady loss of small, inefficient 
water-powers, which had to be made good by the construction of 
larger and better-equipped plants. Many small saw and grist-mills 
have thus been abandoned, the former because of scarcity of timber, 
and the latter from the competition of large, well-equipped modern 
mills. Where the stream is of sufficient capacity, these large plants 
are erected upon the sites of the small mills; otherwise these sites are 
abandoned and new ones developed. 

It is the existence of many of these small, insignificant, abandoned 
water-powers which has given rise to the impression that the use of 
water-power is decreasing. The fact has been overlooked that a 
single water-power plant such as that of the Dundee Water-Power 
and Land Company, at Passaic, is equal to all of the abandoned 
forge-powers in the State. The two efficient plants recently erected 
on the Musconetcong by the Warren Paper Company, with 700 net 
horse-power, are equal in power to thirty of the abandoned saw-mill 
powers. Water-power is not falling into disuse in New Jersey; on 
the contrary, it is being used more efficiently than ever before. The 
cordial sympathy and interest which the owners and users of water- 
power have shown in our work, and the substantial aid which they 
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have given, show that they feel the need of such an investigation as 
has been undertaken. 

The above-mentioned considerations, and the fact that the increas- 
ing use of electricity and possibilities of electric transmission of 
power are opening up new fields for its use, make the time peculiarly 
auspicious for laying before the public a statement of our water- 
power resources, and calling special attention to our large, unde- 
veloped powers. Indeed, at the time of this writing experiments 
are being made in transmitting power electrically for the propulsion 
of boats on the Erie canal, and a large plant is being installed for 
transmitting the power of Niagara Falls for use in the shops and 
manufactories of Buffalo, in our neighboring State. 

If the unused water-power of our State can be transmitted to our 
great manufacturing centers to drive machinery, or applied to the 
propulsion of cars in the streets of our cities, a distinct economic gain 
will result as surely as from the development of our mineral or agri- 
cultural resources. An inquiry for water-power will certainly follow 
the application of electric transmission, and we look for a marked 
impetus to be given to its utilization. 

We have no disposition to ignore the limitations of water-power, 
or to claim for it more than its just due. Competition and the pre- 
vailing tendency to lower prices call loudly for economies in cost of 
production, and cheap power may play an important part in the 
future of some of our industries. We have presented the bald facts 
as to the available power of our streams, and believe that the preven- 
tion of unwarranted expectations is as great an aid to future develop- 
ment as the presentation of the resources. ‘Those who are competent 
to properly weigh the facts presented, and apply them to their own 
particular case intelligently, will probably be able, now and then, to 
discover and avail themselves of substantial advantages in the use of 
this kind of power. These will welcome this aid to a correct deci- 
sion. It is only such intelligent and well-directed enterprise which 
will permanently promote the use of water-power and advance the 
interests of the State. 

Besides the application of the studies here made to the uses indi- 
cated by our title, we may mention that such an investigation should 
be a direct aid in designing drainage or irrigation works, in control- 
ling floods or building bridges. 

The main facts as to the estimated flow of the various classes of 


10 GEOLOGICAL SURVEY OF NEW JERSEY. 


streams are presented in Tables No. 51 to No. 61 A, inclusive. To 
apply these to any particular stream of the class at any given point, 
it is only necessary to know the area drained by the stream, expressed 
in square miles, and to apply this as a multiplier to the fiow there 
given in thousand gallons daily per square mile, or the horse-power 
per square mile on one foot fall, to ascertain the capacity of the 
stream considered. Many such areas are given in Appendix II. 

As we have already remarked, this report is intended to be a prac- 
tical hand-book of the streams of the State. The flow of streams, 
however, is merely one, and rather an incidental one at that, of a 
chain of related phenomena. It is nature’s way of removing the 
surplus rainfall after evaporation and plant-growth have been sup- 
plied. Any rational discussion of stream-flow, therefore, must begin 
with a determination of the amount of rainfall, and must next ascer- 
tain the laws of evaporation and the amount of water thus disposed 
of, as well as the amount required by vegetation at different seasons, 
and the absorption and delivery of ground-waters. As each of these 
subjects has a wide and important bearing outside of the immediate 
field of our report, it follows that incidentally a thorough investiga- 
tion of our subject must throw light upon other important economic 
and scientific questions. We regard the accurate ascertainment of the 
relations of rainfall, temperature, evaporation and ground-water de- 
pletion, such as is attempted by our formule, as almost as important 
to agriculture, forestry, climatology, and possibly hygiene, as it is to 
the subject of this report, but we have gone no farther herein than to 
incidentally suggest these applications. 

It would be a pleasure to be able to acknowledge our indebtedness. 
to all those who have so cordially aided us in our work, directly and 
indirectly, but we find it impossible to do so. Many prominent 
hydraulic engineers have contributed data, most of the users of water- 
power in the State are entitled to our thanks, and there has been a. 
general disposition to aid and encourage our investigations. 

Messrs. Cyrus F. Sproul, Asher Atkinson, Peter D. Staats, George 
E. Jenkins and D. H. McLaury have assisted in gauging and collect- 
ing data, and Mr. J. R. Prince has prepared the maps and diagrams 
and done much of the mathematical work. The collation of data 
collected, the reduction of gaugings and comparison, arrangement and 
re-arrangement of measurements of flow and rainfall necessary to dis- 
cover the laws governing the flow of streams, has been a labor of 
great detail, most of which, of course, does not appear in the results. 
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THE LAWS WHICH GOVERN STREAM-FLOW. 


As a preliminary step to any intelligent study of the flow of 
streams, we must consider the causes which give rise to the phenom- 
enon. 

The waters of the earth are taken up by the process which we call 
evaporation and formed into clouds, to be again precipitated to earth 
in the form of rain or snow. Of the water which falls upon the 
basin of a stream, a portion is evaporated directly by the sun ; another 
large portion is taken up by plant-growth and mostly transpired in 
vapor ; still another portion, large in winter but very small in summer, 
finds its way over the surface directly into the stream, forming surface 
or flood- flows ; finally, another part sinks into the ground to replenish 
the great reservoir from which plants are fed and stream- flows main- 
tained during tle periods of slight rainfall, for the rainfall is fre- 
quently, for months together, much less than the combined demands 
of evaporation, plant-growth and stream-flow. These demands are 
inexorable, and it is the ground-storage which is called upon to supply 
them when rain fails to do so. 

All of these ways of disposing of the rain which falls upon the 
earth may be classed as either evaporation or stream-flow. Evapora- 
tion we make to include direct evaporation from the surface of the 
earth, or from water- surfaces, and also the water taken up by vegeta- 
tion, most of which is transpired as vapor, but a portion of which is 
taken permanently into the organisms of the plants. Stream-flow 
includes the water which passes directly over the surface to the 
stream, and also that which is temporarily absorbed by the earth to 
be slowly discharged into the streams, A portion, usually extremely 
small, passes downward into the earth and appears neither as evapora- 
tion nor as stream-flow. It is usually too small to be considered, and 
we may for our purposes assume that all of the rain which falls upon 
a given water-shed and does not go off as stream-flow is evaporated, 
using the latter word in the broadened sense which we have above 
described. 

We therefore have to consider first rainfall as the source of supply, 
and secondly evaporation and stream-flow as the demand to be sup- 
plied. 
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RAINFALL. 


The best source of information as to the rainfall of the State is the 
Climatology, published by ‘the Survey in 1888, which contains col- 
lections of all data obtainable to that date. The State Weather Ser- 
vice now publishes monthly bulletins and yearly reports, giving the 
rainfall by days at some fifty stations. This work has been of the 
greatest assistance in connection with our recent gaugings, and when 
it is continued long enough we shall have much more accurate know]- 
edge as to the distribution of rainfall than we have at present. Much 
information has also been promptly furnished us by the United 
States Weather Bureau. The records given in the Climatology, sup- 
plemented by later data now obtainable, have furnished the basis of 
our conclusions as to rainfall for use in this report. The long series 
of rainfall tables published at the end of this chapter we regard as 
more valuable to the hydraulic engineer than averages or deductions. 
These we shall make, however, for simplicity in generalization. 

A careful study of these long series shows a strong tendency to 
cycles of high and low precipitation. Weare likely to have a period 
of years of high average rainfall, followed by a low period. We see 
at once that, under these conditions, differences shown by comparing 
a series of eight or ten years’ length at one station with a fifty or 
sixty-year series at another, may be entirely differences of time and 
not of place. 

Plate I. shows this clearly. The annual rainfall is here plotted by 
taking for each year the average of that year, the preceding and the 
following year. Curves thus obtained are slightly smoothed out, but 
in no case departed from by more than one inch in annual rainfall. 
These type curves show unmistakably the tendency of which I have 
spoken. They cover 69 years at Philadelphia, 61 years at Troy, 58 
years at New York, 50 years at Newark and shorter periods at the 
other stations. 

While the maxima and minima do not always agree in time at dif- 
ferent stations, it is nevertheless clear that, upon the whole, it is safest 
to compare cotemporaneous periods if we wish to ascertain the rela- 
tive rainfall at two or more stations, I have consequently proceeded 
upon this plan in deducing rainfall averages for the several sections 
of the State. 

This diagram shows clearly, also, the danger of placing too much 
confidence upon observations at a single rainfall station. The Lake 
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Hopatcong record has been much quoted as indicating the rainfall of 
our Highland region, but the curve shows that while most of the 
other stations were showing more than average rainfalls, at about 
1863, Lake Hopatcong was passing through a remarkably dry period. 

If we compare the average rainfall at this station during the 24 
years covered by its record with the average at New York for the 
same time we find it 8 inches less, and it is 4.2 inches less than Phila- 
delphia. The curve of Plate I. strongly suggests, however, that this 
relation might be reversed during another period, and undoubtedly it 
is not safe to judge the rainfall of any considerable part of the High- 
lands by this record alone. 

Jt might be interesting to trace the reasons why these variations 
occur, such as the effect of the prevailing direction of the wind upon 
the exposure of a given station, especially in hilly regions, but such 
matters are beyond the scope of this report. Study of cotemporaneous 
records convinces me that this variation is purely local—too local to 
affect the yield of even a small water-shed appreciably. 

Plate I. is, finally, useful in pointing out the danger of basing con- 
clusions upon a short series of rainfall or stream-flow observations 
without referring such observations to some long-period series with 
which it is comparable. 

We see here that the ratio between the three series at New York 
Newark and Philadelphia varies with different periods. The vari- 
ation between places as near as New York and Newark, even, is very 
considerable. This warns us that our next hypothesis may not be 
strictly accurate. It is that the ratios here shown between each place 
and the average of New York and Newark for the period of observa- 
tion will be preserved for the fifty years covered by the cotempo- 
raneous observations at New York and Newark. Nevertheless this 
supposition will eliminate the error arising from comparing periods 
not cotemporaneous and of unequal length, and will thus lead us as 
near the truth as we can get from the light we now have. It is on 
this hypothesis that we have computed the average annual precipita- 
tion for each place shown in the last column of Table No. 1. 

We have grouped these places as follows in order to determine the 
average annual precipitation for various sections of the State, and 
when so grouped certain well-defined differences of rainfall appear : 


The Seacoast.—This includes stations Sandy Hook, Barnegat, 
Atlantic City, Cape May and Norfolk, Va. Atlantic City shows a 
lower rainfall than the others, and this we consider purely local. 
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TABLE No. 1. 
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Annual Precipitation for Cotemporansous Periods, With 
Deduced Average Annual Precipitation. 


PLACE. 


Peeresceeseeoriaescesecesey 


Morniswillen Pars cccste, ccocebasvacccnctte 
Philadelphia Eas caccecceccedsaccssesce 
BaltimoreaNldis. <. csssesesdctterecese ccs: 
ATIC VEL OO Kaeae cesne serie sn eeensdaaateee 
Freehold 
IDATNe@Atreeicsersmscanceedetnecsnetanss eae! 
IMGOVOStO Wisc sons :cscssessssncleesceessees 


Cece ee mere reee eer eee sees es seseeesos 


Pewee eee eore booees ase eos rsreeeeescos 


Atlantic: City: Rect sesccdesecctestese cco 
WapemMay..scrsusccccscssevessssesswesest oss 
Greenwich 


Fee eee eee ec seerenereseressceeeece 
See ene Ceeeeooerranceesescesens 


Meese ome esse rescorsscesoseerrssoe 


Neshaminy Water-Shed, Pa............ 
Tohickon Water-Shed, Pa.............. 
HM AaSton NP a trove cconncanesaveceeste-deovenees 
Bethlebem, Pa...... Novsderccenenseresadee 
New Germantown .........sscecescceeees 
WOMERVI]O.: ccscussstetencsmeveececodeneetees 
HOuLheOranveyetnsstass cceceercosce ese ee ets 
bakes opatcOnc:-cerscosecostesstce tere 
INGwitOnl Sac ecnecsopcsttterene scorers cette 
blooming! Grove wbarectescastesceeeeee 
Hlonesdale Pas. .ccccatceteoeccconceesteees 
Uatperty oN \eseeccorecssdescesmecenonectres 
Passaic Water-Shed.............seseeses. 


Time covered by 


record. 


1836-1892 
1843-1892 
1854-1892 
1866-1880 
1798-1866 
1825-1892 
1836-1887 
1874-1886 
1874-1883 
1874-1885 
1863-1887 
1872-1882 
1866-1886 
1874-1887 
1871-1885 
1864-1873 
1870-1881 
1870-1891 
1884-1892 
1884-1892 
1884-1892 
1884-1892 
1878-1889 
1869-1876 
1878-1887 
1871-1892 
1846 -1869 
1882-1886 
1880-1884 
1867-1891 
1882-1891 
1851-1860 
1877-1892 
1868-1881 
1871-1878 
1875-1890 


Average annual 
precipitation. 


PRECIPITATION 
DURING SAME PE- 
RIOD AT— 


New York. 


renecoees 


oeersceer 


serrvoese 


oreerenee 


eeeeeeeee 


eeeenesee 


Philadel- 
phia. 


eR 
Oo Co 
cone 
me ONT 


ree esecesles 


beeescoee 


eoecerees 


weeseesce 


voerecvoe 


eeeeecoee 


saceseeve 


oeeeccone 


eeeeceoee 


from New York and 


Average deduced 
Newark series. 


45.15 
43.40 


45.58 


Bearing in mind that Atlantic City has between it and the mainland 
six miles of meadow and bays, this station may represent rather sea- 
The other stations range well with our 


ward than coast-line rainfall. 
average. 


Southern Divide.—This includes stations Freehold, Atco and Vine- 


land. 
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Lower Delaware Region.—Includes Philadelphia, Moorestown, 
Greenwich and Dover, Del. 

Central Delaware Valley.—Includes Philadelphia, Trenton, Ne- 
shaminy water-shed, Tohickon water-shed, Easton and Bethlehem. 

Red Sandstone Plain.—Includes Trenton, Neshaminy and Perkio- 
men water-sheds, New Brunswick, Somerville, New Germantown, 
Newark, South Orange, Passaic water-shed, New York. These sta- 
tions show annual precipitation ranging close to our average. . 

Highlands and Kittatinny Valley.—Stations Easton, Bethlehem, 
Port Jervis, Newton, Lake Hopatcong, New Germantown and South 
Orange are included in this region. 

Upper Delaware Valley.—This includes stations Easton, Bethlehem, 
Newton, Port Jervis, Blooming Grove, Honesdale and Liberty. 


As to the distribution of rainfall by seasons and months our data 
are not sufficient for very refined deductions, nor is it likely that we 
are to be better informed in the near future. It is safe to say that 
the monthly and seasonal ratios are likely to change from year to 
year until our records cover much longer periods than they do at 
present. We have arranged the following table, showing the per- 
centages of precipitation falling in each season, as shown by records 
at hand. It is noticeable that the longer series harmonize better than 
the shorter : 


Percentage of Annual Precipitation Falling in Hach Season. 


Bad) mccalieses sence 
2 s g q 2 
eo os g S = 
Ae DL n = = 

per cent. | per cent. | per cent. | per cent. 

ING Wie VOLK. cis oievat cceteeseecusasscste sans 7 25 28 23.5 23.5 

ENG Wank sat caneteseneNscrechestorsecrsecsesees 45 25 28 23.5 23.5 

ING We Bruns WiCks cc cccecceereceiesseess sena'se 34 25 30 23 22, 

IN Kereeien Mlle, 12R ss asastocencadsondogodacacen dos 45 25 27 27 21 

Pe hiladelplaiasPaew.caaccsswedesessess ae os 24.5 28.5 23.5 23.5 

BaP WN OPC: ceceereesseeee stash esece ese es'es ese 52 25 28 24 23 

MAU yLOOKMatcssesccoetseossstesevesss eoosee 13 27 26 23 24 

INC CORseen esac seneececcescdsena ccser sorcerers 10 21 30 25 24 

BVsinvelandeieven cedeassstses sess cteshesscesscese 21 23 27 23 af 

Warne gator ectcveccsseaie. oats weal Seeseees 12 22 25 26 20 

UAW OM\layatiasdasmestsesteoscecsssasessesces see 14 23 27 23 27 

Atlantic! City. vcccsnssscsse Se 14 22 26 24 28 

(Bethlehem Pate. .crccsrcssssernvecesse cesses 12 22 31 22 25 

Port Jervis, N. Y 5 25 29 al 25 

AvalceptlopatcOnGee...cssesersen ces Receetasies 24 25 28 27 20 

GoshenwNn Vomeetectccsccsetsctessccerecnse 8 24 26 25 25 

Blooming’Grove; Pay... .c..e.cssessccess 27 24 32 24 20 
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Arranging these in groups, we find the distribution for the several 
districts to be as follows: 


Spring. |Summer. fete Winter. 


per cent. | per cent. | per cent. | per cent. 


SEIEE EL econ ose cbanodaacuSganeguodacondunTiconpacApedctnd 22 27 24 27 
SOuth ern; AVI Sr .ecesawecshses tots weeccsenencserses ce 22 i 24 27 
WDelaWALe DAY cc cer: sdecscsessesssescecesesesscesacwsines 25 28 23.5 23. 
Central Delawarervall cynics .-ncceds dees sceossecsis 25 28 23.5 23.5 
edssandstoneplainic.sacscoscsscesesstssssessene sss 25 28 23.5 23.5 
Highlands and Kittatinny valley.................. | 24 28 24 | 24 


At first sight we seem to have a marked difference of distribution 
by seasons, but here again we find it to be rather a difference of 
period than of locality. The records for the Seacoast and Southern 
divide cover, mainly, years from 1870 to 1887, and the New York 
record for this period shows about the same distribution, varying 
greatly from the average of the New York series. On the whole, we 
shall be nearer the truth, probably, if we accept the distribution 
shown by the long New York and Philadelphia series as correct for 
all of our State. This gives us Table No. 2. 

An examination of the results given in this table shows a gradual 
decrease of rainfall as we proceed inland. The range is from 49.70 
inches on the seacoast to 44.09 in the Highlands and Kittatinny 
valley, and 43.25 for the Lower Delaware region. The rainfall of 
the Raritan water-shed is assumed to be the same as that of the Red 
sandstone plain, that of the Passaic a mean of this and the High- 
lands, that of the Coast streams a mean of the Seacoast and Southern 
divide, that of the branches of the Delaware below Camden a mean 
of the Southern divide and Lower Delaware, and that of the branches 
of the Delaware, Camden to Trenton, a mean of the Southern divide 
and Central Delaware valley. 

Even more important than the average rainfall are the least rainfall 
and that of ordinary dry years, A study of available data convinces 
us that we must expect in all parts of the State occasional droughts 
as severe as those shown in the Philadelphia and New York records. 
Such droughts appear to be confined to rather limited areas and it is 
probably true that water-sheds exceeding from 75 to 100 square 
miles in extent will never be visited by quite such severe ones, but in 
order to include the smaller areas and be always on the safe side we 
must assume a minimum as small as that of the driest periods of these 
records. For convenience of future reference, and as an aid in select- 
ing the driest period, we have prepared Table No. 3. 
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TABLE No. 3. 


Dry Periods—New York and Philadelphia Rainfall. 


a TOTAL RAINFALL FOR 

PERIOD. 

1) 

g = 

S 

§ +3 oS : sl 

gol) (Sa (oe Belniag Mite 

S) x 5 

F i\Ear|Saeok eal eee 
New York, August, 1842, to July, 1843.............. nN -3 96 80) he aedacco jupcabsup) nasucece 
New York, January to December, 1836.............. Li 2ileccnanaes 2 (adi eorewaece leoweckees 
Philadelphia, January to December, 1826........... 4. |b Ssponkidbal etonnooce PASSA beoosae 
New York, January to December, 1840.............. 1B l[ecceecses|lboseécoe |ascogds 29.80 
New York, September, 1842, to July, 1848......... De P2267 venaatianulececcaces oaceee ss 
New York, January to November, 1836...........06 IDL | Sesonpcca| | SDRAM sonaoniscalfoacunccée 
Philadelphia, January to November, 1825.......... MOL eermceeodl boseaucos ZOO leneneene 
New York, February to December, 1840............ TLS we coevesa|necoceneslesew se ens 27.96 
New York, October, 1842, to July, 1848............. MORE ZOIG (| Rocecernc testes on enacettes 
Philadelphia, March to December, 1881............. LOM ccemsess DEO eer weseceae 
New York, January to October, 1836...............40. 1M) | ngadceicisn|[ococtoce: Zool |neeneeent 
Philadelphia, January to October, 1825.............. aU essere | cancocdbol ehaecenes 24.49 
New York, November, 1842, to July, 1848.......... Dele G29 erconcons ss ascsinelsaseavane 
Philadelphia, April to December, 1881............... OB leaeeieraa DRO6 ees ecete | cxceenees 
Philadelphia, October, 1879, to June, 1880.......... Oe kscaacanca| Keseoube USD 9) emcees 
New York, January to September, 1849............. el esetesccn| acrer-caslinaseoende 20.22 
New York, December, 1842, to July, 1848........... ye EY pgacersacalleccccccec| Mixotenoce 
Philadelphia, April to November, 1881.............. Sali wrest: NSS V4 choscranallcodoonca 
New York, April to November, 1881...............0.| 8 |ecccssese eelnvoc MeL OLO Alec eseeine 
Philadelphia, October, 1879, to May, 1880.......... il icsocbneG | |beconoopellncgonieceis 16.92 
New York, January to July, 1848.........,...-0.00008 TS TADG Til sree sbevallodascesss|lseaeaaeess 
Philadelphia, April to October, 1881.............0500+ Bl ecconcaes TIS} SU cos sécqnnl Gada 
New York, January to July, 1849................cs00- Baal Reeaesicsalles ADDOCKE: WAOA | ccrecene 
New York, April to October, 1881............scceseees MN Reccessea|seeeneesalescsen ss 14.18 
New York, February to July, 1848.............cc0000 6 DO vaseweecalticeesseacltese setae 
Philadelphia, April to September, 1881.............. Golicenssenes AD) coeeone gd lonboavoce 
New York, July to December, 1881...............000 Goiloissecvelnesponeee a8 LP eeestnce: 
Philadelphia, January to July, 1880.................. Gall eecaece s|lteassaceeaeeoscete 12.11 
New York, July to November, 1881...............665 5 UOalcees van enleaesecines (teers 
New York, March to July, 1848.................200000 Ol \scoseeses WeOTiMiere tne ollsereceees 
New York, January to May, 1836...............s0000 Ol eecedracaonecaenes TMO|negsnsees 
Philadelphia, July to November, 1881..............+ Dit\eedececiea| neaeesanellter scene 8.14 
New York, July to October, 1881............:essseeee. 4 EAdle eRe ancoA acaeeren| ecacteec 
New, York: April to July, 1S43.0..c.ccssccsoseusceress Aa\leacenees DOA scdecveaelleeessens 
Philadelphia, July to November, 1881.............++ AM ccoeareds| Seaetanes Gd 2ieecane 
New: York, “Asprilli to diully;, 1 S49 -cremaeccerece cccrece ee A c\lncccsecua| sceemecesl| sesec aces 6.30 
Philadelphia, July to September, 188]...........006 3 se eesescecallaa ne sea ed leneceeees 
New York, July to September, 1881.............00008 3 Alscacecion OD: OSiaedearsenleaccces 
News York, May ito July ul G43csecssssoeneesseesecesasins GF loc ddsuos| octacceac 3.40)..... note 
New York, January to March, 1836...... eeeeeesate SB lagerciss leseeocanalcnstccs cs 4.41 
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We find the year 1842-1843 the driest for all periods from six 
months upward, while for five months or less the year 1881 stands 
first, and occupies second place from six to ten months. If we accept 
the records as of equal accuracy and weight, the driest year of the 
series must be taken to be from August, 1842, to July, 1843. This 
year is shown to be dry by both the New York and the Philadelphia 
record, and it was also very dry by common repute. The claims for 
the years 1825, 1836, 1840 and 1849 are not so well established. 
There is a suspicion that in some of these cases the droughts were 
purely local, and in others that the records are less reliable than those 
for recent years. The year 1881 included a memorable drought, and 
‘one so widely extended as to embrace our largest water-sheds. More- 
over, it followed a dry year and was consequently a severe one upon 
the streams. The yield of a stream during two such successive dry 
years as 1880 and 1881 would be for most purposes the minimum 
so far as our records go. 

We repeat below for convenience of reference the rainfall at New 
York and Philadelphia during the period from December, 1841, to 
November, 1843, and from December, 1879, to November, 1881, 
which we have selected as typical dry periods. 


TABLE No. 4. 


Typical Dry Periods. 


NEW YORK RECORD. 


5 B 8 g 
bal . 
a) eye val Ete a Oe e el vace. 
Sle baa Hie deel Meo} og | Ee Be Vinee: lee 
oO 

A el Sa Sls eee) 8 Oe 
1841-1842.....| 2.70| 1.07| 2.85] 1.25] 3.60] 3.60) 3.30, 3.80) 2.81/ 2.10] 4.30] 1.80] 33.18 
1842-1843.....| 3.50| 1.00| 2.31] 2.13] 2.14| 1.00] 0.76 1.64| 15.26] 3.06] 5.91| 2.82] 41.53 
1879-1880.....| 4.94] 2.02| 2.12] 4.66] 2,90] 0.62) 1.14} 8.53] 5.26] 1.85) 2.81} 2.46] 39.31 
1880-1881......| 2.27| 4.80| 4.93) 5.81| 0.95] 3.20] 5.35] 1.25| 0.86] 0.97| 1.60] 2.36| 34.35 

PHILADELPHIA RECORD. 

1841-1849.....| 5.92) 1.36) 4.27) 2.84) 5.91) 5.87) 3.19] 11.81) 3.79] 1.27) 1.72/ 3.49) 50.84 
1842-1843.....| 3.66) 1.44| 2.54) 4.49] 4:72) 2.05 1.69, 4.54) 9.26) 4.86) 3.22) 4.18) 46.58 
1879-1880.....| 4.69| 1.51] 2.43] 3.53) 2.43] 0.54| 1.67| 7.74] 5.09] 1.10| 1.74] 1.75] 34.22 
1880-1881.,....| 4.05| 3.66| 4.76| 3.83] 0.61| 2.71|3.87| 0.96] 1.18 0.94] 3.04) 2.02) 31.63 
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The dryness of these periods is not revealed in the yearly totals, 
but has been shown by our previous analysis. The question of which 
was the more trying period upon stream-flow must be left for a later 
chapter. We regard these records as typical of such extreme dry 
years as may be looked for once in fifty years, the choice of the driest 
period lying between the New York record of 1842-1843 and the 
Philadelphia record of 1880-1881. Our conclusion is that the driest 
year is likely to be as dry in one place as another, and that these 
types apply to all parts of the State. 

Having fixed the driest year, our next quest must be for an ordi- 
nary dry year, such as is likely to occur as often as once in seven 
years. Consulting our diagram of annual precipitation, we find that 
at Philadelphia a yearly precipitation as low as 35.00 inches has been 
reached eight times in the fifty-six years of cotemporaneous records 
there and at New York, and that an annual fall of 37.00 inches 
occurs with about the same frequency in the New York series. These 
are each about 80 per cent. of the annual mean, and we should expect 
the ordinary dry year to vary with the mean rainfall. In order to 
determine the distribution through an ordinary dry year, we have 
charted the rainfall for five dry years, The usual method would be 
to take years of about the above annual precipitation and average the 
months, but Plate II. shows this to be inexpedient, as it will tend to 
cover up the extremes peculiar to such years, and produce a year 
unlike what is ever likely to occur. In order to get the natural 
sequence of monthly rainfall, we have preferred to adopt from these 
typical years one which is a fair type of all. Such an one is the 
year 1878. It embodies all the important features of these years in 
such a way as to make an excellent type, excepting in the preceding 
December rainfall, which in all the other cases is heavier. This we 
have corrected, and have resulting a satisfactory natural type of the 
ordinary dry year, shown, together with the average year for Phila- 
delphia and the driest year for all the State, in Plate II. The aver- 
age annual rainfall for our different water-sheds, given in Table No. 
2, ranges from 44.09 to 49.10 inches. We give, in Table No. 5, the 
ordinary dry year corresponding to the various annual rainfalls: 
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TABLE No. 5. 


Precipitation for Ordinary Dry Years. 
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i 85.8 Als |i/selaltlalsrzsa ia lasio|atr 
PAR OD eeeaesrank 3.86| 3.94) 1,64) 2.89 2.55) 3.29) 3.66) 4.35 3.83] 0.96/ 2.04) 2.19) 35.20 
45.00).5006: yee 3.95) 4.04] 1.67] 2.95) 2.60) 3.36) 3.73] 4.47) 3.93) 0.99] 2.09, 2.22) 36.00 
ABO0 GR cccuckics 4.04) 4.12) 1.71) 3.02] 2.67| 3.44. 3.82} 4.55] 4.00] 1.01] 2.14' 2.28] 36.80 
BM sccvcss ana atees 4,13] 4.21) 1.75] 3.08) 2.73] 3.52) 3.90] 4.64) 4.09] 1.03) 2.18/ 2.34] 37.60 
AS OO aiieiedees d 4,21) 4.30] 1.78] 3.15) 2.78) 3.59, 3.98) 4.74) 4.17] 1.10) 2.22 2.38] 38.40 
AWOL ss 4.29] 4.38] 1.82} 3.21] 2.83] 3.65} 4.07| 4.84] 4.26] 1.16] 2.26 2.43] 39.20 


These ordinary dry years will apply to our various water-sheds 
according to their average annual rainfall, and without needing fur- 
ther correction for slight differences in this average. These, as we 
have stated, may be expected to occur once in seven years. Our driest 
year previously given is, therefore, one which occurs for seven of 
these ordinary dry years, or once in fifty years, as before stated. 

It will be noticed that our average year is a purely artificial year, 
a mathematical conception which in reality never has occurred. 
Nevertheless, such a year is useful as giving an epitome of the exper- 
ience of fifty-seven years, and is in accord with usual practice. 

Our ordinary dry and driest years are, on the contrary, based upon 
natural years, such as have really occurred, and may be expected to 
occur again at the intervals which we have indicated, although 
probably not with the same order of months as here given. 

The following records of precipitation are selected from the longest 
series in order to present the different conditions likely to occur dur- 
ing such periods. It is not safe to draw many conclusions from series 
covering less than a quarter of a century, and indeed one such year of 
excessive rainfall as those of 1837, 1847, 1865, 1868 or 1889, in the 
New York series, will add an inch to the mean of twenty years, or 
one such monthly rainfall as that of September, 1882, will add over 
half an inch to the monthly mean of such a series. The teaching of 
these incidents is to so far as possible avoid averages in matters of 
precipitation and stream-flow. 
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TABLE No. 6. 


Precipitation at New York City. 


FROM REPORTS OF DR. DANIEL DRAPER, AND INFORMATION FURNISHED BY 


THE UNITED STATES WEATHER BUREAU. 


Rain and Melted Snow. In Inches. 
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Precipitation at New York City—Continued. 
eS 8 B | 
Db ‘a . 2 : S 
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S| So St sl =e |O lea lal 4 
2.90] 0.62] 1.14) 8.53] 5.26] 1.85] 2.81) 2.46] 2.27) 36.64 
0.95] 3.20] 5.85) 1.25} 0.86] 0.97] 1.60) 2.36] 4.18] 36.26 
2.15| 4.21} 2.82} 2.75] 1.63] 14.51] 1.69] 1.80] 2.22) 46.61 
3.82] 3.03] 4.00] 3.87] 2.29) 3.57) 4.27) 1.65] 3.40; 38.83 
2.66) 4.35} 4.16) 6.14) 8.56] 0.15] 3.63) 3.44] 6.66) 55.34 
2.44) 2.22) 1.86] 3.04) 7.70] 0.72) 5.62) 5.05] 2.69] 42.12 
4,95) 6.53] 3.01) 2.57] 1.18] 1.79] 8.90) 4.61] 3.73] 46.73 
3.67) 099} 7.70) 6.75) 3.66} 2.30) 2.86) 2.04) 4.20) 46.68 
3.57] 4.87| 1.68} 1.27] 6.35} 7.40] 4.14] 4.81] 4.05] 52.95 
§.90| 3.25} 2.38) 9.63] 3.39) '7.48] 2.53) 9.82] 1.81) 58.68 
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57 years...| 3.60] 3.55) 3.84] 3.60} 4.12} 3.88) 4.11] 4.70} 3.70’ 3.39] 3.83] 3.80) 46.12 
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Precipitation at Newark. 
Rain and Melted Snow. In Inches. 
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Precipitation at Newark—Continued. 
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TABLE No. 8. 


Precipitation at Lake Hopatcong. 
Rain and Melted Snow. In Inches. 
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4.26] 5.84) 4.18) 0.25) 2.76) 3.94) 5.385) 2.59) 10.84] 3.50] 1.61] 7.80) 52.42 
2.02) 1.44) 2.49] 1.95] 5.90] 4.04) 8.14! 0.50} 2.02] 3.89] 4.88] 6.09) 38.36 
0.48] 1.34} 3.90} 2.40) 5.25] 1.383] 4.87) 5.66} 0.50} 9.47] 2.77] 4.75] 39.22 
3.67| 4.66] 3.56] 3.37) 6.56] 1.81] 7.91} 5.75] 7.58) 2.68) 1.96] 5.10} 54.61 
0.82) 4.71] 2.27] 6.59) 4.37] 1.86, 3.85) 138] 1.49) 4.41] 3.31] 3.00| 37.56 
2.91} 3.05) 3.48} 5.25) 2.36) 2.17| 5.17) 6.15} 2.05) 2.82) 6.12] 5.54) 47.07 
1.75} 4.01] 2.86] 3.84) 6.01] 4.06] 5.72] 5.21] 2.85) 6.13} 4.42] 1.68) 48.54 
2.71} 4.07| 1.07) 7.35) 5.36] 3.85] 5.17] 1.55} 5.80) 2.13) 3.95] 2.10, 45.11 
3.43] 0.40) 1.55} 2.67| 6.04) 7.64| 7.51) 2.02) 1.86) 9.94) 3.03] 7.24) 53.33 
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2.12} 2.78) 0.91] 2.17| 4.56] 2.07| 2.79| 6.87] 2.79) 2.04] 6.37) 1.90] 36.87 
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3.37] 1.50) 2.48} 2.69) 1.89} 6.10] 2.84) 1.97] 2.08] 3.65] 2.97] 0.75) 32.19 
2.62| 2.90, 3.64} 2.90} 2.52] 0.93) 3.91} 3.07] 2.11) 3.90) 2.66] 3.55) 34.71 
0.98] 0.46) 2.25] 3.31] 7 69} 1.32) 1.66) 5.01) 3.17] 1.36) 2.68) 1.61) 31.50 
2.42) 1.99) 4.23] 3.51| 5.17| 3.62! 5.26) 2.03) 1.63 3.16} 2.24| 3.11) 38.37 
0.61] 4.54! 0.60] 2.13] 2.49) 3.63) 1.92! 3.05} 4.44) 2.21] 2.41] 2.03 30.06 
0.63) 1.92) 1.88) 3.11) 6.91] 7.29) 3.53) 10.70] 0.35) 2.98] 1.68] 0.60, 41.58 
.| 1.97| 0.97] 0.80} 2.46} 5.33) 7.24) 3.89) 3.37) 11.44 1.04) 3.90} 1.02) 42.93 
3.48] 2.78] 4.41] 1.51] 4.29) 3.87; 2.10, 1.58} 7.12 9.82) 8.46] 4.03) 52.90 
Averages.....| 2.37] 2.44 2.79) 3.47| 4.67| 3.66 3.95: 4.31] 3.98 3.77| 3.67| 3.46 42.55 


The above record was kept by Wm. H. Talcott, engineer and 
superintendent of Morris Canal Company. 
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TABLE No. 9. 


Precipitation at New Brunswick. 


FROM RECORDS BY DR. GEO. H. COOK AND P. V. SPADER, ESQ. 


Rain and Melted Snow. In Inches. 
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TABLE No. 10. 


Precipitation at Vineland. 


Rain and Melted Snow. In Inches. 
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TABLE No. 11. 


Precipitation at Philadelphia, Pa. 


FURNISHED BY THE UNITED STATES WEATHER BUREAU. 
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29.57 
35.14 
38.50 
37.97 
41.85 
45.07 
43,94 
39.87 
48.55 
34.24 
39.30 
42.66 
39.04 
45.30 
43.73 
47,41 
55.51 
48.58 
46.96 
75) 40.15 
3.96 40.03 
3.44 44.38 
5.78 45.21 
5.01) 34.99 
5.84) 42.10 
4.51) 54.54 
2.27| 35.50 
5.17) 45.74 
| 2.16) 42.46 
3.18) 45.23 
5.01) 44.66 
| 3.62) 33.52 
5.85) 53.02 
5.46) 38.96 
3.73) 54.48 
3.65| 48.90 
1.76) 43.22 
2.48) 44.58 
4.87| 49.63 
4.16] 42.24 
5.64] 49.12 
3.52) 43.58 
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Precipitation at Philadelphia, Pa.—Continued. 


2] B g| 1/8 
w 3S rey wy oH 
YEAR, Sip ya] 3 "e 3 avg B a] 5 
Benedetti ena he | Bll oul o 
3 o g 3 S Cy (3) (e) o q 
al er alt he imee el moe at tmp (OU LA, S| ad 
3.37] 4.12) 5.36) 2.26] 3.71] 5.21) 2.30) 0.70} 3.10) 4.38} 4.35) 4.35) 43.21 
4 01) 2.56) 4.52) 5.41! 5.24) 2.54) 3.50) 5.98} 1.60) 4.11] 1.97] 2.13) 43.57 
2.85! 2.48) 5.771 1.98] 2.92} 4.51} 6.17! 5.58} 0.65] 3.89! 4.09] 1.57! 42.48 
.| 1.49] 1.12} 3.67] 2.60] 3.15] 4.29} 9.20) 7.81] 3.66} 5.20} 3.43) 2.74) 48.36 
§,.84| 4.75] 2.05} 3.51] 5.83} 0.90} 5.00) 11.49} 3.63) 5.80/ 5.10) 1.38) 55.28 
.| 4.58] 2.46] 2.16] 9.76) 2.75) 2.96] 2.25) 5.65) 6.01} 2.87) 2.32) 2.48] 46.25 
2.83) 3.20| 3.10) 2.83] 1.86} 4.13) 3.63) 6.42} 2.53) 1.42) 5.40) 3.37) 40.22 
1876...2..50 1.52) 5.03] 6.71| 2.16) 4.45) 2.29) 5.71] 0.98] 8.77| 1.06) 7.31] 1.40) 47.39 
2.62) 0.84| 3.40] 2.66} 1.10) 5.22} 5.33) 0.66) 2.74) 6.52) 5.14} 0.83) 37.26 
3.94| 1.64| 2.89] 2.55| 3.29) 3.66] 4.35} 3.83) 0.96] 2.04) 2.19) 3.19] 34.53 
2.73) 1.19} 2.28) 4.21} 1.22) 6.77] 3.62) 7.13) 1.12) 0 41) 1.38) 4.69} 36.75 
1.51] 2.43} 3.53] 2.43] 0.54) 1.67) 7.74) 5.09} 1.10} 1.74) 1.75) 4.05) 33.58 
3.66| 4.76] 3.83) 0.61] 2.71) 3.87) 0.96) 1.18; 0.94] 3.04) 2.02) 2.63) 30.21 
4.57| 4.22] 3.57| 2.12| 5.06] 1.90] 1.37) 6.40) 12.09} 1.32) 0.99) 1.97] 45.58 
4,13} 5.04| 2.02) 2.44) 1.91) 5.91) 1.78) 3.40) 4.24) 4.20) 1.34) 2.76) 39.17 
5.46] 5.70) 4.70| 1.63! 3.39] 3.00} 3.83) 4.30} 0.20) 1.54) 2.31) 3.28) 39.54 
2.92) 2.79} 0.69] 2.54| 3.76] 0.74| 2.39) 6.80] 1.17] 3.33) 3.35] 2.87) 33.35 
3.69| 4.62] 3.17| 2.70] 4.50] 2.86] 4.23) 1.38] 1.20) 1.89] 3.91] 3.09) 37.24 
3.23] 3.43] 2.59] 2.00] 0.62} 6.81] 7.14) 2.31] 4.92} 1.68) 1.38) 5.06] 42.17 
4,30] 2.57| 5.42) 2.10] 3.46] 1.09] 3.388} 5.86) 5.73) 3,23) 3.77| 3.15] 44.06 
3.75) 2.00) 2.58] 3.17] 4.382] 3.39} 8.29] 7.07) 4.66} 3.76) 6.76) 0.85) 50.60 
1.83] 3.39] 4.61] 2.28] 2.96} 1.30} 4.03} 3.36) 2.31} 4.82) 0.80) 2.33) 34.02 
3.65) 471) 4.42] 2.34) 1.74) 2.51) 4.65) 4.22) 1.90) 2.57) 1.70) 3.78) 38.19 
1892.........| 4.48] 0.98] 4.32] 2.03) 5.12) 1.98) 2.97]. 2.74] 2.06) 0.30) 5.71) 2.09] 34.78 
Averages, : 
68 years..| 3.45. 3.08] 3.53] 3.43! 3.78] 3.86] 4.12) 4.50) 3.54] 3.28! 3.39] 3.41 43.35 


Snowfall has an important bearing upon stream-flow in winter, as 
when it is heavy the usual result is comparatively light flow in the 
early winter and heavy floods in the spring. In Climatology (page 
377, Final Report, Vol. I.) it is stated that the average annual fall 
in the Highlands and Kittatinny valley region is probably about 60 
inches. From this it ranges down to comparatively an insignificant 
amount in the region of the Atlantic coast streams. The average 
depth at Lambertville from 1839 to 1859 was 29.5 inches, at Newark 
from 1843 to 1859 inclusive, it was 43.5 inches. The following table 
gives such definite data as we have at hand: 
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TABLE No. 12. 
Depth of Snow. In Inches. 
RECEIVING RESERVOIR, NEW YORK. 
WINTER OF 8 5 ro — 

g E 3 5 3 = “i 

oO Ss a Oo on pei 

5 3 EI 3 a Bias 

vA QA 5 fy = < S 
NSAS=1 BAA AP ceccasc sel wocedsces |Gveeeccucl| Soseet coe veecsece] eae epscalllacsmesGeolaanteeres 
NSAAA) SAG Fieccc oc cnecaloccvesees|isaatnc cvcliccccasseslvacSecweslinecteeeecllenesesccelesceeeeee 
T845= SAG sacs acces val vcccccves |sebeeeces|Geseseaeel ne coctecs leatoetnoahecceoeeeelocescaete 
TSAG=URAT LOR cess eck ool oaacectes | (Gbeetdne licevsesese | seawcen callecca cara llotiee sees licens a 
NSASS1 SAG Ee. cecal scheeewoe lice es crealiecsestsesliccescecedtccee Sete |aecssesaclerseet one 
USAOAL SHO erst keer coe wocreceael we aeee coal eo ete eel arenes eee Maen halite caes lecheeee te 
AUSHODECO lice ec es eles selacecrecee eecatetwalletoonte celle moeeeltaeen ode odaaccadal locdusacde 
ASO LSD cosccvevecleasece ceailarcesetes lecensdeeliaceeseeanll nate tote Nonsie oe eclocee ce iee 
TBO Z=1SHS Memes sectene| octets call asc oncllenceeccenll bros te eeetiowertee call eeeeseedlccecerees 
TSHS USDA coal actos tesvecccan |Meceatons lv cee eraneliccescatet loteeten aellaceoemucee beceeee As 
USDOL =LSDD aoteacasec veel cascdonceledeeas a ee'llewee ceeee sevgcewetllecndeee callenedsocen tosses 
TSH =USH Oo seseccccence rotucce ce leeaetewcallneversensllwascecte alecesceaeallasecerereseseune ‘ia 
TBOG—LSO Ta ocece ecccc dl eacouncseliceseuesesl cess wakes litonsectsaillens Gaewerllindt@eesealreenesests 
ASST OLSOS.ceseece eae celicencs tee Oeeccavaliwestecee lecuscceeul sbensicessetecces sleseebece 
1858-1859....... Seccwiael sieoeaeee’tconeeserlllleces caval senseseralineaneae seiiscehes'e Selllessiouiactes 
1859-1860...........006 Wontastenl lau cesmeweiivccelscieeel(ccers Btida Inpebonesc eceeonolresccosen 
1S GOSUSOeecesscavesclcssceuene lsecteoteedllneceocenchanscctete leet RN eacesunialleweeswess 
USOLSLS GD erree cece ss vovasseleacescaellecmeeceallnectceece hermes Secaleesesccoslascvecess 
MSG 2=1S6Ssererecsccee asteeeeel Moeeigeeellseceissesolmesceeselllsenereeeciieedscteenileceateear 
UE SESAVSCA se oteeceaces|ceers coal tuceeehasl| Meseneece llertcecoca loonie eco: eee rece 
TSG Lal SGOsccetrcesceecles osc asen| acca cen 6.5 8.75 NOLDoI ccesecese cooeseaee 
SCO SOG. ce roeees caleecesones 10 SHED) he BP lhcaagaea. 28.00 
I SGGSISGiimosccosseeecloneeesece S.20| 20.20) 13 TO DQoeeececses 55.75 
PSGCTHUSOSen wc toacoscle rience 12 25.75 15,25) 26 7.75| 86.75 
TSES S69 eee ssccceccclace eam: S501 87.5.) DS alld eecescees 31.25 
TSOI-UST Or ccssscses cee laces es 6:75 neo Ha |p) GLO soak 30.50 
TIES DES Rely Die Ser oe Raed Bese 5 21 1 S:25ileekeeeses 2 46.25 
STNG capecctocseact 0.5 a 2.75) 4 4 0.75} 19.00 
PS (2187S e cit concenee 4.25} 24,75; 12 16 al! Agate, Gre) 
SWC Ye: Nee cane one 1.5 7 6.25] 16.5 i Secesce se 33.00 
ISTAVSTS, cccereccoealesmernecs 11.5 | 12.75) 5.75) 17.5 | 12:5 | 60.00 
ASTD RLS TGswencccocnlocssacwes SiDolneacceest 10 Zia laseseseee 16.00 
USUOUS Mieseeccenecees EAS) h DU al Pel esicacea TAS eeeeccce 36.00 
Se OUOre ete sccalnsmetctelecetere: OL25 | Gea eee alee een 6.25 
USO LOUO eee eesceralacees tees 2 TASB ALB oii caeeeen| esl 21.50 
1879-1880...0...0..000- 2 6 3.5 1 OKO Seectesisa 22.50 
EOSO-=ESSIM.cceescccees ONES 119 12 8 Sitialeseseeers 37.75 
ASSL: cMeaeeccomeeotesl cestccsas Dad sesclodevellaunccieed|sememeeee tn Se cwenea|tetmaeece 
AVOLARES seecavoalccdiucagel cabet une Wieeddescnllomernodea teeter tee erties 36.78 
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TABLE No. 18. 
Depth of Snow, in Inches, at New Brunswick. Record of P. V. Spader. 
H . 5 
= 3 S E 
WINTER OF 5 q a Ss | hte at 
5 3 5 a A Py $ 
A A 5 is = 4 = 
USGUUSO2ie.. creel esoesenveees ecases cess o| loddSdocens Jal pconiaqcsoéd Soocoscseoac 13 Sbocrancees 
1862-1863.........| 18 4 8 8 5 3 38.00 
1863-1864......... s S 6.5 s 6.5 8 13.00 
1864-1865......... 8 15 7.5 3 BI ileodecasacebo 25.50 
1865-1866......... 8 8 12.5 4. 1.5 8 26.00 
1866-1867......... 8 9 19.75 18 ADS ilesesdesceess 59.25 
1867-1868......... 8 13 6.5 14 12 7.5 53.00 
1868-1869......... 8 1 4 3 OLD) Weceeesets 8.50 
1869-1870......... 8 4 1 6 6 4.0 21.00 
IS TORUSiUe es care |lcesescceases 4.25 22 i Aims |nvcecocstees 8 40.25 
1871-1872......... 8 5 s 3 TS9 | entes cies 9.50 
1872-1878......... 2.5 20 12 17.5 1 8 53.00 
1873-1874......... 2 5 4 22 Sy, 0.5 33.50 
1874-1875......... 8 8 8 6.5 12.5 s 27.00 
1875-1876......... 8 8 8 10 2a Nhcegoorntos 12.00 
1876-1877......... 8 4 21.5 8 DZD M Kees tccsss 26.75 
1877-1878......... Bie [Teoocdasageed 8 10 Sieay||secencsses 10.00 
USTS=1S7 Once seseelseccce sesene 3.5 12 8.5 8 8 24.00 
1879-1880......... s 4 3.7 6 3 s 16.70 
1880-1881......... 4 15 13.5 9 8 8 41.50 
1881-1882......... 8 8 9 12 3 8 24.00 
1882-1883......... 4 8 10 5 6.25 8 25.25 
1883-1884......... s 25 7.0 4 3 8 39.50 
1884-1885......... 8 8.5 8 14.5 8 S 23.00 
1885-1886....... 8 8 8 6 8 8 14.00 
1886-1887.......2. 8 9 11.6 8 5 25 21.35 
NSS (—oUSSSeccaswavelsscssceaccse 9.5 3 .25 | 30 8 42.75 
1888-1889......... 8 s 8 1.5 SW etencns seen: 1.50 
SSO = 1S OO Men c-\|saeosecese ss s 8 s LOE lescecesesess 13.00 
POMPE AN CTAS Cras) cl saves cssesnliseese tetas slascscenseneel sstosesseccskeadacosasceslcartuessates 26.43 


Norr.—In this New Brunswick record, s denotes snow, but not of measurable depth, being 


often accompanied by rain. 


The above records are concurrent from 1866 to 1880, or for a 
period of fifteen years. During this time the averages were at New 
York 36.38 inches, at Newark 36.20 inches, and at New Brunswick 
28.03 inches annually. These probably give us a fair indication of 
the relative snowfalls at each station. 

Using the 28-year record at Newark as the standard, and reducing 
the other stations to this, we have the following as the most probable 
average snowfall at each station: Newark, 41.00 inches; New York, 
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41.00 inches; New Brunswick, 31.75 inches; Lambertville, 27.80 
inches annually. 

In the Highlands I have observed six months between the first and 
the last snowfall of measurable amount, the last being May 6th. Snow- 
fall may be considerable here in November and April. In the red 
sandstone belt, while snow usually falls in these months, it is insig- 
nificant in amount as a rule, while farther south it is scarcely seen at 
all. Ten inches of snow being generally equivalent to an inch of 
rain, it is apparent, from the above tables, that there is always a pos- 
sibility that in northern New Jersey some three inches of December 
precipitation may be carried over in the form of snow or ice to aug- 
ment the stream-fiow of later months. Since all this is included in 
returns of precipitation for December, it follows that the division of 
stream-flow observations into calendar years may lead to serious errors 
when we come to compare with precipitation. If our year is made 
to begin December Ist, there is practically no such danger, and we 
shall see later on why this date has advantages which have led to 
its adoption as the beginning of the year in our studies of stream- 
flow. 

The division of our records by months becomes necessary for con- 
venient, practical application of the long series of valuable records of 
precipitation, which are the basis of our studies. The calendar 
months are unequal in length, consequently not well adapted to our 
purposes excepting for these reasons. 


EVAPORATION. 


It is not our intention to go exhaustively into the general subject 
of evaporation in this report. We must, however, in order to check 
our conclusions and be prepared for an intelligent comprehension of 
its importance in our studies, give a brief abstract of what has been 
observed as to the amount and monthly distribution of evaporation 
under different circumstances. We need nothing more than this, for 
by far the most useful and reliable data we can have of evaporation 
over extended areas, such as the water-sheds of our streams, we shall 
obtain from the results of stream-gaugings, which we present in the 
next chapter. We have measurements of evaporation from water- 
surfaces, but there is very little water-surface exposed on our water- 
sheds ; so we have measurements of the amount taken up by various 
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kinds of vegetation, but our areas are of a mixed character and it is 
not always possible to apportion them properly among the various 
crops. The measurements of evaporation from the ground come the 
nearest to what we need, but few of these have been made with neces- 
sary precautions to secure exactly the same conditions which exist in 
nature. Nevertheless, these observations are very suggestive, and 
some of the results are here reproduced. 

The following tables are copied from Mr. Fanning’s valuable 
treatise on water-supply engineering : 


TABLE No. 14. 
Evaporation From Water at Emdrup, Denmark. 


Latitude, 55° 41’ N.; Longitude, 12° 34’ E. from Greenwich. 


| 

g g B | 4 

By A ; ree ri 2 2 
YEAR. el Sheet os . ‘ : G Ae ga tush te Billo 
Poi ies MC ater ek) see bath ed eee Sone ee lors 
ia, (Potato abey, I abe |p Shay, I Shay || ste, HN) abi) ahals |! Shek |) shay, ete 
1840... 20. 11] 03/18] 25) 41] 58| 47| 40! 261/11! 09] 061995 
W600 oes 11] 03/12/17] 45| 56| 48! 48| 241 16! 09! 02/292 
1851. 05| 041 07|1.7| 42] 481 571 51) 27/15] 06] 05 leg4 
1852... 0.7| 05/08] 241 38] 46] 64] 45] 27/17) 08! 05/294 
1858.7 40es 0.5! 01/07] 1.0] 41] 62] 51| 42] 28/121] 06) 05269 
Posie ss 05/09! 09/321 33] 45] 52] 43] 26/12) 07] o6lo79 
Tet ee he 10} 11/05/12! 26! 41| 47 | 41 | 281 1/4/09! 07 | 951 
1856. 05|/ 05/12/21! 28] 46] 43] 40] 20/19] 06] 05240 
tes e 0.7! 06|06| 1.4] 411 66] 5.9] 43| 32/14] 07! 04/999 
Tesee ee: 04/07/12! 31) 51) 61| 49| 56! 281/16! 07| 04/306 
1859)... 03/051 07/19] 43] 58/53] 381/ 181 10! 07| 0.31264 
Mean..........{ 0.71 0.5/0.9} 201 37 | 54| 52] 44/ 26/1831 07| 05279 
Ratio sesssen .301| .215 .887| .860] 1.592] 2.23] 2.287] 1.892| 1.118) .559| 301) 215)...... 


MEAN EVAPORATION FROM SHORT GRASS, 1852 To 1859, INCLUSIVE. 


Mean.......++. | 0.7 | 0.8| 1.2] 26] 41] 55 | 5.2] 4.7] 28 | 1.3] 07| 05] 30.1 


MEAN EVAPORATION FROM LONG GRASS, 1849 To 1856, INCLUSIVE. 


Mean..........| 0.9] 0.6| 1.4] 26] 47 | 67 | 93] 7.9] 52 | 29/13] 0.5] 440 


MEAN RAINFALL AT SAME STATION, 1848 To 1859, INCLUSIVE. 


Mean..........| 1.5| 1.7| 1.0] 1.6| 15 | 22| 24| 24 | 20 | 2.3] 18] 15/219 
3 


= 
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TABLE No. 15. 
‘Evaporation From Earth. 


MEAN EVAPORATION FROM EARTH, AT BOLTON LE MOORS,* LANCASHIRE, 
ENGLAND, 1844 To 1853, INCLUSIVE. 


Latitude, 53° 30’ N.; Height above sea, 320 feet.. 


oer 8 8 | 

by ay (RES a || 2 

E : sf tes : ; : a 8 = 8 E xi 

als /a/ 8) Fl B/S] Plea sie] a] s 

5S |e Bo ae 6 a een a ale 
Mean........ 0.64! 0.95 1.59 59] 2.59} 4.38) 3.84] 4.02) 3.06] 2.02) 1.28] 0.81] 0.47] 25. ee 
Ratio .......| .299 444 739 L212 2.049 1.796] 1. 1.887 1.481] .945] .599 "379 220 scccces 

* Beardmore’s Hydrology, page 325. 

MEAN RAINFALL AT SAME STATION, 1844 To 1853, INCLUSIVE. 
Mean......+. | 4.63 4.03] 2.25) 2.22] 223) 4.07) 4.82] 4.77| 3.79| 5.07| 4.64] 3.94] 45.96 
TABLE No. 16. 

MEAN EVAPORATION FROM EARTH, AT WHITEHAVEN, CUMBERLAND, 
ENGLAND, 1844 To 1853, INCLUSIVE. 

Latitude, 54° 30’ N.; Height above sea, 90 feet. 

< | x S : i 
Bb] e Sale ae ees 
S|) ei] s é . 3 Been gate oles 
elelelE/ S|) EIS) 2) B/8/5) 813 
5S | & ea nee = 15 ace a OS ey es 
Mean.......| 0.95] 1.01 177 “O71 4.11 4,25 “413 3.29) 2.96) 1.76] 1.25] 1.02] 29.21 
Ratio.....-. “390 “AlB 727 1.113} 1.689} 1.746] 1.697) 1.352 1.216 “793 .513} .419 i A 


MEAN RAINFALL AT SAME STATION, 1844 To 1853. 


Mean.......| 5.1 | 45| 3.8 | 43.5 


The next table is a very instructive one, furnished by Desmond 
Fitz Gerald, C.E., in a paper on “ Rainfall, Flow of Streams and 
Storage” (Transactions of the American Society of Civil Engineers, 
~Yol. XVIT., No. 3). The table is partially made up from a diagram, 
so that to a certain extent the figures are averages, but only when the 
observations were so near to a mean as to warrant such a course: 
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The small range of the evaporation from water in the tables is- 
suggestive. It seems to approximate to a constant in each month. 
Of the tables of evaporation from earth, that at Whitehaven seems 
to be the better adapted to our climate. It is more valuable for the 
dry months than for winter. 

The following is Risler’s table of daily consumption of water for 
different crops, quoted in an article on irrigation by W. Tweeddale,. 
C.E. (Kansas State Board of Agriculture Report, December 31st, 
1889) : 


Inches. 
UCI’ PLASS.......55 sdoeceess voz assasvesosscacsssssescenesess from 0.134 to 0.267 
Meadow grassimccrsdeccdecsaneseedersberetearscsasen erates NOM D22ES O28 
se OBER Vadaweiie nce es eeewecatevenedsceattenes Coseasateecens ts cacestos os OM407 80,193 
Undiant Conn secs. car eweteee socmes aecsuseramecactcnrscenare ones CM ONTOS 10: 
TOV OT ekecdeceecsas sav aesene ses tesa dices <oreasrnereess scessces SOMA ren: 
AVGB AVS) A206 I GeareGarn oudc Bb acedBecene Soden COOSauECOGHEACADEALAAD “0.035 “ 0.031 
Wea biecccconanccctssescsvevteccntnescovevenes caveeteccseseee sas “ 0.106 “ 0.110 
TR Sicicproc coHSSEROn GUnOOL conde cboceacnsooo ade nodeooconasccopaseD de SSO KOO I tae Seer 
Otatoes se caccosetascstceetiiacceucer pecse vs ccusasenssersseetes © 0.088 “ 0.055 
OAKAUT OCA: Aeace teers hoon tahecaa hhedauioosccssweecsecsccureane “ 0.088 “ 0.030 
PImtT OCs rss coe atcens deveccoccteranesccacencretscecneenenesiee “ 0.020 “ 0.043 


From these and other observations, Mr. Tweeddale concludes that- 
from seed-time to harvest cereals will take up fifteen inches of water 
and grasses thirty-seven inches. These conclusions agree with prac- 
tice in irrigation, and show plainly that the demands of plant growth 
cannot be ignored in tracing the disappearance of rain. The figures 
also explain the low summer flow of streams flowing from a highly- 
cultivated water-shed. They do not necessarily explain the effect of 
forests in regulating flow, since many water-sheds, although cleared 
of trees, are not put under cultivation but still show some change in 
flow. The action of forests is probably largely to retard surface- flow 
by means of irregular surfaces, caused by roots, fallen timber, absorb- 
ent mosses and leaf accumulation, thus holding the water until it can 
be taken into the ground. This is not mere theory; it is based on 
observations made during many days spent in the forest, and is 
believed to almost if not fully account for the better-sustained flow of 
forest streams and their lighter flood- flows. 

Evidently, if all of our water-shed should be covered with grain 
and heavy grasses, there would be very little water left for the sus- 
tenance of stream-flow during the summer. Fortunately, a much 
smaller proportion is sc covered than is usually supposed, even in 
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agricultural sections. Somerset county is a highly-cultivated section 
of the red sandstone plain. I have made an estimate of the pro- 
portion of the total area given to various crops, based on census 
figures, and the proportion of wooded area has been measured. Of 
the total area, 13 per cent. is wooded in large tracts, and 7 per cent. 
has been added for scattering timber, the remainder being devoted to 
general farming: 


TABLE No. 18. 


Percentage of Areas Devoted to Various Crops in Somerset 
County, with Quantity of Water Required for Hach. 


WATER REQUIRED IN 
s ONE GROWING-MONTH. 
df 
E 
| rs] 
CROP. 6 mAs og 
; oo 
FE: ae as 
vo On [Sar-) 
ces S| fer =o) 
59 nee vena 
as 4s aoe 
Porest (oak and chestnut)......:....cs0cs.scvesscosseseee 20 1.2 0.24 
Wea iapEV.ONOALS, Cr, capscer essere ceva tiestsasees seca ees 20 3.5 0.70 
ENUHATINCOTU syst cites tsceecn eons ccasvenesossteeteraeeres veces 11 45 0.49 
Potatoes and other root CrOps.. ......cererevcssscoecovens 5 1.2 0 06 
BOM CMO TASS CStessse nese easaseriernn-nemascetecsendsaeosr eu ses 17 6.0 1.02 
PUI OUIMOABSCO ret arsscersarecccsescceseeretesdeascovasceteses 15 5.0 0.75 
LO RGN ALAS Or eand cassette vessecrusdostecentssmnees sss 5 3.0 0.15 
Fallow lands and miscellaneouS........secsesseecssevrens Tf 4.0 0.28 
NOt area se he war We occage ee uetede cevvedceasweecscsesss TOO OE | coscaceceusees 3.69 


This gives a fair idea of the allowance which must be made for 
vegetation, although it is only a rough approximation. To this must 
be added something for extra evaporation from crop areas. This 
demand for 3.7 inches of water per month may be considered practi- 
cally a constant one for the growing-months. It is, to a large degree, 
independent of the rainfall, and, in fact, a large part of the evapora- 
tion is also independent of rainfall. 

Somerset county has been selected as a type of the larger part of 
_our red sandstone plain, viz., that part lying southwest of the glacial 
moraine which passes through Morristown, Plainfield and Perth 
_Amboy. 

Asa type of our Highland and Kittatinny valley region, Sussex 
county may be taken in the same way. 


38 GEOLOGICAL SURVEY OF NEW JERSEY. 


TABLE No. 19. 


Percentage of Area Devoted to Various Crops in Sussex 
County, and Quantity of Water Required for Hach. 


ty WATER REQUIRED IN 
;3 ONE GROWING-MONTH.- 
ra 
= l 
6 8 pase” 
CROP. be ee ae 
a 240 ea 
D qa “a 
5 os So 
: q aa 
gf Gene a 
A iis ae 
Forest-(oak and! chestnut). .......00s,esesseveceesssersrsnes 50 1.2 0.60 
Ave eesaseoas saectontsaventccenseasescteasserseuceecuenesscncet™ 2 5.0 0.10 
UNGIaNCOLN sc. eacnpaesoseensssatecsscnescves covers sccm tne 5 4.5 0.22 
Otherscercalsias.ci.ccscsescsssehpeveseescscesscotessasessees 9 3.5 0.32 
GONE FOV ARSeS ce estecsecserebesstacccdtcececostas de osccceeenrene 3 6.0 0.18 
Dhontpomassesnecacee es csatecs sae aemente Merterenaeeeeecss 24 5.0 1.20 
Potatoes and other root CrOpS.....+.csseceessececsvsrerees i 1.2 0.01 
allows lands, ccccacessvacscos: <esccttatecss'oseasernsoncescess 6 4.0 0.24 
UM Ota Sdrcccecsasvascces se ccesesetines sanccescautsbevsss TOO 2 siisisennseeseses 2.87 


The southern New Jersey agricultural counties will not differ very 
materially from Somerset county, while the piny region will only cal} 
for about one inch of water per month for plant growth. The evap- 
oration there is large, however; much greater than in northern New 
Jersey, as we shall see when the study of the streams is taken up. 

It would be difficult to determine just how much evaporation will 
take place in addition to the water demanded by plant growth. It is 
hardly probable that it is nearly so large as the evaporation from bare: 
ground, and, for the heavier absorbents and closer-growing crops, 
such as long grasses and clover, there is probably no additional evap- 
oration. ‘The only practical way to fix the evaporation from different 
types of topography and country, under various stages of cultivation, 
is by means of a series of accurate gaugings of typical streams and 
synchronous measurements of rainfall. The above figures are not 
here intended to be given as actual measurements of the evaporation, 
and in no case do they apply to the actual conditions obtaining in 
practice. They are of value only as indicative of what may be 
expected and of the distribution of evaporation by months. For 
actual values we prefer to look to stream gaugings and learn what we 
can from these. If we take series of monthly rainfall and monthly 
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stream-flow, such as' we have given elsewhere in full, and carefully 
analyze them, we can determine what the evaporation will be for a 
given period. It would at first sight appear that it will be simply 
the difference between the rainfall and the stream-flow, but this error 
we must carefully guard against. It neglects entirely the water 
which may have been stored in or drawn from the earth. 


GROUND-STORAGE. 


The method of estimating the yield of streams to be a certain per- 
centage of the rainfall also entirely neglects the effect of ground- 
storage. Much confusion as to the relative yield of streams and 
many failures to correctly interpret observed phenomena have resulted. 
Let us begin with the year and observe what the real sequence of 
events is. 

At the close of the winter and spring rains, the ground is saturated 
with water to a great depth. A large amount of water is held in 
storage, and all of that which lies above the level of the bed of a 
stream, within the boundaries of the water-shed, becomes available 
either to feed the stream at that point or else to satisfy the demands 
of plants and evaporation. This great reservoir will feed a certain 
amount of water to the stream irrespective of the rainfall. If the 
rainfall is sufficient to supply the evaporation and plant growth, the 
flow from ground-water will remain constant, because the head which 
forces it through the rocks and gravels is constant. When the rain 
is insufficient, the head will be drawn down and the flow will decrease 
at a certain fixed rate. The draught upon ground-storage in this 
vicinity usually sets in between May Ist and June Ist, not often before 
the middle of May and rarely later than June Ist. Once the draught 
is fairly established and the water drawn down, unless the rainfall is 
greater than it usually is from June to August, it is all absorbed by 
the dried earth and does not reach down far enough to increase the 
head and consequent flow of ground-water. What may be called the 
under-run of a stream—the part which depends upon ground-storage— 
may be easily determined by inspection of a continuous diagram of 
flow. In inspecting such diagrams as those of the rivers of New 
Jersey accompanying this report, it may be seen that rainfalls which, 
if occurring in May, or in the autumn after the ground-water has 
been replenished, would cause violent floods, have no effect at all upon 


40 GEOLOGICAL SURVEY OF NEW JERSEY. 


the stream-flow when they occur during the dry months. This differ- 
ence in effect cannot be ascribed to direct evaporation, for in the case 
of concentrated rainfall, evaporation has little time to act. It is due 
to the drawing down of ground-water, which leaves a great capacity 
for absorption of rain by the earth. 

In the analysis of recorded stream-flow following, it will be found 
that in extreme cases this stored ground-water will be drawn upon by 
stream-flow and evaporation to the extent of the equivalent of nine 
inches of rain. In some cases, it will yield to the streams alone a 
quantity of water equal to five inches of rainfall. A depletion of 
six inches by the end of August is not uncommon. This depletion 
must be made good before the fall rains become available to increase 
the stream-flow. Consequently, we frequently find the autumn 
stream-flow to be very much less than the difference between rainfall 
and evaporation. 

Let us now observe what the effect of this ground-storage is upon 
the stream-flow. Take a usual case of a stream whose normal yield 
is 20 inches for 40 inches rainfall annually, and whose ground- 
storage will yield five inches to the stream. If we begin the year 
with full ground-water and end it with depleted ground-water, the 
yield will be 25 inches for 40 inches rainfall. If we begin 
with depleted ground-water, on the contrary, and end with full, 
we shall have but 15 inches yield for 40 inches rainfall. In the 
first case, we have a yield of 62.5 per cent., and in the second, 
but 37.5 per cent. of the rainfall. This stored ground-water will 
cause streams to continue to flow for weeks and months, even though 
rain entirely ceases to fall. Popularly, this is known as spring- 
water. It often issues in the form of well-sustained, visible springs, 
but a larger amount finds its way out unobserved all along the course 
of the stream. Portions of the surface which are permanently below 
the level of the surrounding ground-water are continually saturated, 
and are known as swamps or marshes. Wells sunk below its perma- 
nent level yield continuous supplies of water, popularly supposed to 
come from underground streams or “ veins.” 

The actual distance below the surface of the ground to which this 
reserve supply of water is drawn during droughts is not everywhere 
the same, nor will all portions of a water-shed deliver equal amounts 
of water from the ground. A coarse gravel will contain more water 
to each foot of depth and will yield that water much more freely 
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than compact earth or rock. When it is said that a water-shed will 
yield so many inches of water from ground-storage the average yield 
is intended. The accompanying sketch shows, generally, the manner 
in which a valley will yield up its ground-water during a protracted 
drought when the material is varied, and the phenomena which result 
therefrom and with which all are familiar. 

The capacity for ground-storage varies widely on different water- 
sheds. On steep, rocky surfaces the rain largely runs off. The rock, 
it is true, holds a large amount of water, but it is held tenaciously, 
and discharged at a low rate. This fact is partially compensated for 
by the greater differences of level on such a water-shed, which cause 
greater heads to force out the water. A rocky water-shed, as level as 
the sandy basins of southern New Jersey, which discharge large vol- 
umes of ground-water, would probably yield a very trifling amount. 
Fanning gives the following data as to porosity of soils: 


“Gravel, consisting of small water-worn stones or pebbles, inter- 
mixed with grains of sand, has ordinarily 20 to 25 per cent. of 
voids; marl, consisting of limestone grains, clays and silicious sands, 
has from 10 to 20 per cent. of voids; pure clays have innumerable 
interstices, not easily measured, but capable of absorbing, after thor- 
ough drying, from 8 to 15 per cent. of an equal volume of water. 

“Water flows with some degree of freedom through sandstones, 
limestones and chalks, according to their textures, and they are 
capable of absorbing from 10 to 20 per cent. of their equal volumes 
of water. 

“The primary and secondary formations, according to geological 
classification, as for instance granites, serpentines, trappeans, gneisses, 
mica slates and argillaceous schists, are classed as impervious rocks, 


“as are usually the several strata of pure clays that have been sub- 


jected to great superincumbent weight. 

“The crevices in the impervious rocks, resulting from rupture, 
may, however, gather and lead away, as natural drains, large volumes 
of the water of percolation.” 


It must be remembered, however, that nearly all water-sheds on 
rock formation have a covering of disintegrated rock and drift 
gravels and sands, which furnishes a large part of the ground-storage. 
A rock valley filled with drift sands and gravels, is admirably 
adapted to supply large quantities of ground-water. 

From the above percentages, we find that a depletion of 9 inches 
of ground-water will draw down the water-table an average distance 
of from 35 to 45 inches in gravels, from 45 to 90 inches in marls, 
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about 90 inches in clays, and from 45 to 90 inches in sandstones, 
limestones and chalks. 

In this connection, it is worth while to remember that many plants 
project their roots to great depths in the earth. Common clover 
roots have been followed to a depth of four feet. It follows that 
vegetation, which must be supplied with water, will draw its supply 
from very considerable depths when no rainfall is available. As we 
shall see from our gaugings, the demands of evaporation and of 
plant-life are inexorable. During the growing-months of May, June 
and July, these demands are usually equal to the rainfall, and often 
in excess of it. Stream-flow is, consequently, entirely dependent 
upon the ground-water, which is also frequently further drawn upon 
by evaporation and plant-absorption. No scientific treatment of the 
yield of streams can neglect this important equalizing reservoir of 
ground-water. 


SURFACE-STORAGE, 


Another agent which tends to equalize flow to some extent, by 
carrying over some of the water of the wet season to the early dry 
months, thereby shortening the periods of very small flow, is surface- 
storage. Water is held in natural lakes and swamps and fed out 
gradually to the stream. Some of the natural lakes in northern 
New Jersey vary two feet in height of surface. The Paulinskill 
has about three square miles area of such lakes on 175 square miles 
of water-shed, and a storage of two feet would add to the stream-flow 
the equivalent of about one-half an inch of rainfall on the water- 
shed. Artificial storage is much more efficient, as a greater depth of 
water can be controlled and the discharge regulated to meet the 
demand. Natural storage is an important factor in the flow of some 
streams, such ag those of our northern counties, however, and must: 
be taken into account. 


SURFACE OR FLOOD-FLOWS. 


We have seen that a portion of our rain finds its way over the sur- 
face to the stream. How much, depends on the condition of the 
ground-water and the steepness of the slopes. On the Sudbury it is 
observed that any rainfall exceeding four inches per month is accom- 
panied by surface-flows. There is some limit to the rapidity with 
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which water can be absorbed by the earth, even when dry, and, 
although the ground-water is low, sometimes rain falls in such enor- 
mous volume that disastrous floods are caused. 

In the report on Climatology of New Jersey (1888) it is stated 
that single storms “rarely exceed four inches in depth, and three 
inches is a heavy rain. In the Newark record the number of rains 
over three inches in thirty-seven years and eight months was thirty- 
six. Hight of them occurred in July ; eight in August; five in Octo- 
ber ; three in November; two each in December and May, and one 
in each of the other months.” 

The late Ashbel Welch stated,* during a discussion on the flow of 
streams, that in August, 1843, “twelve inches of rain fell in about as 
many hours in one night” near Bound Brook, but this extremely 
heavy rainfall was confined to a very narrow district. He also says 
that “the most destructive rainstorms I have seen have been in 
August, and next to that, July.” 

The following severe storms are mentioned in the Climatology of 
New Jersey : 

Paterson, March 19th and 20th, 1881, 5.44 inches in 11 hours; 
Parsippany, March, 1875, 7 inches in a single storm. 

In the month of August, 1848, 22.48 inches of rain fell at Newark, 
a fall without an equal in the records of the vicinity. 

In the month of September, 1882, great floods occurred all over 
the State. They were caused by a very heavy storm which came 
after three months of deficient rainfall. By the method employed in 
analyzing records of stream-flow, I find that by September 19th the 
deficiency of rain amounted to 7 inches on the Raritan water-shed. 
From the 20th to the 24th the records at New Brunswick show a 
fall of 11.84 inches of rain; those on the Croton water-shed show- 
ing about the same amount. It will be seen that there was a surplus 
of at least 4.5 inches after replenishing ground-water. As will be seen 
later, I have estimated that from the 22d to the 25th, during 64 
hours, a total of 3.8 inches on the water-shed flowed over the dam 
above New Brunswick. The total flood-flow of the Passaic from 
this storm was practically the same, but it took eight days to deliver 
it, instead of 64 hours, owing to peculiarities which we shall discuss 
later. On the Sudbury, a smaller water-shed, from 5 to 10 per cent. 


* Transactions of the American Society of Civil Engineers, July, 1881. 
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of the total monthly rain has to be allowed when such rain exceeds 
4 inches, 

A striking example of the effect of the manner in which the rain 
falls, whether highly concentrated or evenly distributed through the 
months and year, is shown in the years 1889 and 1890. On the 
Raritan, in 1889, there occurred six floods high enough to destroy 
the fencing on the meadows along the stream. In 1890 there was 
but one flood over the river banks, and that a very light one. Our 
records of flow on the Passaic show five floods of from 6,300 to 
10,900 cubic feet per second in 1889; in 1890 the discharge did not 
once reach 6,000 cubic feet per second, and 5,000 was exceeded only 
once. Both were years of heavy rainfall, 1889 having 68 inches 
against 51 inches in 1890. The distribution of rainfall in the latter 
year was phenomenally even. 


A COLLECTION OF LONG-SERIES STREAM-GAUGINGS. 


We must next seek to determine the relations which exist between 
rainfall, stream-flow and evaporation. In these studies we shall use 
the best existing data of measured stream-flow for streams near our 
own State, and where the climatic and geological conditions are some- 
what similar to our own. It is the nature of the country drained by 
a stream which determines its peculiarities of flow. It is the amount 
of rainfall and of evaporation, the latter to a considerable extent de- 
pendent upon climate, which determines the ultimate yield of streams. 
Consequently it has not been thought wise to make use of records for 
remote water-sheds, even where they are available. It will greatly 
simplify these studies if we state the results of gaugings in inches of 
rainfall, thereby eliminating the differences due to size of water-shed. 
When we have reached conclusions, it will be easy to convert our 
results into ordinary liquid measures, 

These gaugings are in the main reliable. Many startling apparent 
discrepancies in rainfall and flow are explained and verified by close 
analysis, so that we would warn our readers not to too hastily reject 
what may seem inexplicable, yet there are a few errors discoverable 
on close examination, and these we have guarded against in drawing 
our conclusions. It is not an easy matter to secure continuous 
accurate measurements of stream-flow, and still more difficult to 
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obtain values of rainfall correctly representing the entire water-shed 
under consideration. 

We base our conclusions as to relation between rainfall, evaporation 
and stream yield upon these long-series gaugings. The shorter series 
which we have obtained for our New Jersey streams will prove val- 
uable for comparison with these, but are too short to depend upon 
without such comparison. No series which does not embrace a period 
as long as our rainfall cycle of 60 years can be considered entirely 
satisfactory, but fortunately some of these embrace years of extremely 
light and extremely heavy rainfall, and are in this respect all that 
can reasonably be asked for. 


Sudbury River Gaugings. 


The Sudbury river is at the extreme eastern end of Massachusetts, 
about fifteen miles west of Boston, and is one of the sources of water- 
supply for that city. In the Transactions of the American Society of 
Civil Engineers for July, 1881, we have given the results of gaugings 
by Mr. Alphonse Fteley, extending from January Ist, 1875, to Feb- 
ruary 29th, 1880, in a continuous series. 

The figures in Table No. 20 are taken from Mr. Frederic P. Stearns’ 
paper in the Twenty-second Annual Report of the State Board of 
Health of Massachusetts, and include the later records of the Boston 
water works. Mr. Fteley says of this water-shed : 


‘“‘ The river, above the point where its waters are diverted, is formed 
by two principal affluents; the larger, draining about two-thirds of 
the gathering-grounds, rises in a hilly district and flows afterwards 
through an open valley with extensive swampy areas; the other flows 
through a hilly district, and although draining a territory only one- 
half as extensive, it has sometimes, after heavy rains, a volume as 
great as the larger stream. The whole water-shed controlled by the 
works covers seventy-eight square miles; a portion of it (from one- 
sixth to one-eighth) is covered with woods; the remainder, with the 
exception of areas occupied by several villages, has a general agri- 
cultural character.” 


The latitude of the Sudbury is about the same as that of Hudson, 
N. Y., and consequently still more northerly than the Croton. 

From Mr. Stearns’ report, we find that until 1878 the reservoir 
water-surface included in the drainage area was 1.02 per cent. ; 
thence until 1886, 2.31 per cent., and afterwards 2.92 per cent. of the 
whole. He says: 
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‘The flow of water past the lowest dam has been greatly modified 
by the use of the artificial reservoirs, but this does not appear in the 
records, because the amount flowing past the dam is corrected * * * 
to eliminate the effect of reservoirs and to present in the records the 
natural flow of the stream, modified only by such storage as is fur- 
nished by ordinary mill ponds and by White Hall pond. It cannot, 
however, be said that the effect of the reservoirs is wholly eliminated, 
because the evaporation from the increased water-surfaces is not taken 
into account, and the dry-weather flows recorded are consequently 
less than they would be if these reservoirs did not exist. 

“The water-shed of the Sudbury river contains many hills with 
steep slopes, some of which are used for pasturage, and others are 
covered with a small growth of wood. The valleys, as a rule, are 
not steep, and there are extensive areas of swampy land, generally 
covered with a growth of brush and trees. The hills are, for the 
most part, of rather impervious, clayey material, containing boulders, 
while the flat land is sandy and in some cases gravelly.” 


With proper corrections and allowances, the Sudbury river repre- 
sents conditions not unlike some of our Kittatinny valley and High- 
land streams, and being of about the same size as many of them, these 
records will be valuable to us in our studies. 


TABLE No. 20. 
Rainfall and Stream-flow on Sudbury River. 


Area of water-shed, 78 square miles. Inches on the water-shed. 


1875. 1875-6. 
MONTH. = s 

So ae ¢ 

Be z | z 

a & 3 £ 

ise FY aa ey 
DECOM CI ecacecossscookecoceenenere teases ite ecuarswess|erecessescealoesteetsenee 0.94 1.04 
CETTE ccencSasstoonovcasadcn clic eoicee Rb cosepodscncee 2.42 0.18 1.83 1.15 
Hep rilaryinoccstocersc.cvensteecstuasetercen masabacece 3.15 2.41 4.21 2.28 
IMarchiirnccsmarsticrrscycoccdien Srecieen tonttarcesenes 3.74 2.86 7.43 7.91 
oN EL a URE onsen ROMEO CEG NCEHOR NICN eo DCH 3.23 5.26 4.20 5.68 
I Rape eat nctatoncot here eene Cesc nee Sen Rare 3.56 2.12 2.76 2.03 
SPUN Cites oMeteserterane ear wase svete deve time ees teks tates: 6.24 1.50 2.04 0.38 
DUlVscencharseceeccsmee ees strccst Ter ey eseee 3.57 0.57 9.13 0.33 
PATIPUBStissccwectueeccuceccuews «sere tenes tet conanac se cae se 5.53 0.71 1.72 0.72 
September 3 4.61 0.32 
October 2,24 0.42 
November 5.76 1.88 
46.87 24,14 
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Rainfall and Stream-fiow on Sudbury River—Continued. 


1876-7. 1877-8, 


MONTH. 


Rome ber ee rae Bete otal sie iacs 5.80 | 2.45 7.02 | 2.92 


46.78 24,00 52.43 27.13 


1878-9. 1879-80. 

MecOmbeharc.srcssesswieessccenacsstoorsddssaesseenncee 6.37 5.67 4.34 0.83 
RAMU AMV eterno ress escst cocacevavacesssadenocsecerreucsse 2.48 1.25 3.57 2.00 
ROI atygerss casos cess aotsslecteeciscoesesstideeccccenscs 3.56 2.76 3.98 2.98 
5.14 4.16 3.32 2.45 

4.72 5.38 Sli 2.02 

1.58 1.99 1.84 0.92 

3.79 0.71 2.14 0.30 

3.93 0.28 6.27 0.32 

6.51 0.71 4.01 0.21 

1.88 0.24 1.60 0.14 

0.81 0.13 3.74 0.18 

INOV.eMDETer scar scessesse0 SOCROABORKIEONS icocsevetees 2.68 0.36 1.79 0.35 
43.45 23.64 89.71 12.70 
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Rainfall and Stream-flow on Sudbury River—Continued. 


1880-1. 1881-2. 
MONTH. = a 
os) 

‘d Ee = z 

3 aS ‘3 ES, 

oe ey a ee 
Mecemb er voces sorseusses cvstecssesvedecseseasessse ser 2.83 0.31 3.96 1.38 
BAU AD Varrantoascensecassccodeecuccceeteseteneeceseners: §.56 0.74 5.95 2.21 
ING DIUATYcinseseceseen'ssspuceestsecestecsreseitaes crest 4.65 2.49 4.55 3.87 
IMiarchivss.tesccosscases Sau vactenoe detec ser eios Som oaewe 5.73 7.14 2.65 5.06 
Re TET eee A 2s Wellin chide ite aA Bal le 2.00 | 2.67 182 | 1.50 
DY le oceeds sdyiasharecssssceassisenecvacstaceeoaesevar ade 3.51 1 5.07 2.30 
JUNG erariccacsseetonscsises cWevescoccsedccestressatosens 5.40 2.31 1.66 0.91 
DUlVeacsocatosceresscssaresconscantasaesdacnseresdancwres 2.35 0.49 ieee 0.15 
AUSUSE Ieee eset adcvencsesvacescedesnceeeaeeenenceste tess 1.36 0.26 1.67 0.10 
Neptenabersereasacaessrctsedccsencctse socnsenancdees oo 2 62 0.34 8.74 0.53 
OCLODEI aa sis casoveetnetestoceetucsenvoutacereee lave ces 2.96 0.33 2.07 0.53 
INOVEMIDERiy.0c5<c ocsevoasiencteceectecccercewassseneses 4.09 0.68 1.15 0.36 
43.06 19.48 41.06 18.90 

1882-3 1883-4, 

Decembar tre. tai vous ocgowaie ds xembaswacwectecsecaswtees 2.30 0.56 3.55 0.85 
MANUAL Ye voce duvcustenesste cates ter ceeremuetee tees ereee es 2.81 0.60 5.09 1.76 
MIGDIUALY: acta .50e cesses cstsctons cose -Goevenncrsatntdons 3.87 1.66 6.54 4,74 
Miarchx.tsccsestocc uote cess maet ener eee te 1.78 2.87 4.72 6.75 
PADLLUP wivcscvctiaetocvers cess eater essrsaseceet ores eet awees 1.85 2.33 4, Al 4.93 
IMs vices nesses Settee stove teen te teens et emer base oaeai ce 4.19 1.67 3.47 1.84 
RIUMLGN syaciecdcceseaace pc nvecsetosceremeeeeetegoees sneered 2.40 0.52 8.45 0.72 
enlists Ree cicce toot ac ecee tens Sach ens cee tiemsees eters 2.68 0.21 3.65 0.40 
FAUIOUS tutes conde dss navescncdseeuaceernede erence ot etees 0.74 0.14 4.65 0.46 
eptember s.cs.. tcvedsarn.dessecssavevecsetessce cuss 1.52 0.16 0.86 0.08 
OCTODOLE wes ovctdass cccden seseasteeasse teens sie voceecers 5.60 0.33 2.48 0.15 
UNovemlbensssccauaeessacdescsaveatecsdbest ore eeeta cc et 1.81 0.35 2.65 0.30 
31.55 11.40 45.52 22.48 
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Rainfall and Stream-flow on Sudbury River—Continued. 
1884-5. 1885-6. 
MONTH. | = 
3 s 
S = ‘2 Es 
‘3 2 3S & 
6 Ey a Fy 
MeceMbEr’...cs.cevcssesecscese sasabhctes'evpesenes covses 5.17 1.65 2.12 2.09 
DPMUANY -csuen oes se seeks sbecacovssectcecnestssdecstenees 4.71 2.20 6.37 2.61 
3.87 2.18 6.28 7.73 
1.07 2.81 3.61 3.67 
3.61 3.13 2.23 3.86 
3.49 2.38 3.00 1.29 
2.87 0.74 1.47 0.35 
1.43 0.11 3.21 0.21 
7.19 0.43 4.10 0.17 
1.43 0.21 2.91 0.20 
5.10 0.60 3.24 0.26 
November y.cc.csscecsceces detalles sauleasdeenecseseeess 6.10 2.03 4.65 1.16 
46.04 18.47 43.85 23.10 
1886-7 1887-8. 
4,98 1.82 3.88 1.15 
5.20 4.62 4,15 1.88 
4.78 4.56 3.69 3.26 
4.90 5.12 6.02 5.76 
4.27 4.52 2.43 4.57 
ial 1.80 4.83 2.91 
2.65 0.71 2.54 0.73 
3.76 0.20 1.41 0.21 
PANU OUStienese sarees stems sot onneeceracsses cnecetaccstsaeses 5.28 0.38 6.22 0.68 
EPLEMDEReecsncscssccsecseseedoiooteee ssc ceacscceeset 132 0.19 8.59 1.99 
October ........ Wi icseescediatedecnoccsestcssdees tosses: 2.84 0.34 4.99 3.57 
INGVember cc c.cccececoos sdebngsadeseoweadusasevieseseeses 2.67 0.64 7.23 4.76 
43.82 24.90 55.98 31.47 
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Rainfall and Stream-flow on Sudbury River—Continued. 


1888-9. 1889-90. 


MONTH. 


52.24 30.48 50.85 29.23 


Connecticut River Gaugings. 


On the Connecticut, at Hartford, gaugings have been made by the 
United States Army Engineer Corps, and the results given here we 
have compiled from their reports. The great difficulty we have found 
with this series has been to obtain adequate cotemporaneous rainfall 
records. Everything available has been collected, and the rainfall 
carefully compiled, and the results given are believed to be the best 
now obtainable, This river corresponds in a general way with the 
Delaware, and is the largest stream for which we have reliable records. 
If we keep in mind the fact that it lies on an average two degrees 
farther north than the Delaware above Trenton, and make proper 
allowances for this and other differences, it becomes useful in our 
studies of the latter river. The headwaters of the Connecticut are 
in the White mountain region, and throughout the water-shed is 
rugged. We estimate that about 47 per cent. of the whole area is 
improved land. The remainder is fallow or covered with timber in 
various stages of growth. 
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TABLE No. 21. 
Rainfall and Stream-flow on Connecticut River. 
Area of water-shed, 10,234 square miles. In inches on the water-shed. 
1871. 1871-2. 
MONTH. —j i 
Gy s 
‘g = ‘a FS 
‘S & ‘3 = 
ae cy ae co 
December ..........2.00. coedobac EaESecaddobubdoodoSdd lasbacos doce Osea en6n0008 3.02 1.44 
PA UIUAT Vaennatedomsoesaens sca choc tseacscetetowsseeeceanen| ieee seonecss|ccccttsocers 1.60 1.23 
February....... 3 (e008 odkongencao ds audoabcoscasconoonct 2.45 1.87 2.25 0.79 
PME ARCH osc. ccscssscsceocess Ncecsasse sasmnoasoseoaceesteries 4.04 5.65 2.18 0.94 
PATI sect esiees Sees Matis <ecceteews saben socss Soucceee 3.21 2.79 1.28 5.51 
Miayaiersess Sesaaet DeasGuscnncusccteacssoccisceon setae sce 3.60 3.40 4.62 3.46 
BUTS usaececoscticsetacscstevtscsssoseescerscseccsessests .| 3.30 1.00 5.52 2.68 
PUL saenssceatscers scorscesersonrenccnsscces ss cos: Soca 3.49 0.70 5.75 as 
PATIOUStrisceeccacercec ss BaD COC Habadob soCCoDCOLNOSOOBOHBE 5.89 0.81 - 8.53 2.52 
September ..........0 acabbcospadoos Mor ceccasecedescess 1.68 0.85 8.85 2.25 
MO ClODelprensentesscececuceenecsssceritcnssaccescnsseseseen 3.57 1.02 3.24 1.76 
INGVieMapOlareercnecccsersscestesseasstresescesescesesens 2.68 1.66 3.85 2.65 
33.91 19.75 45.69 26.36 
1872-3 1873-4. 
BM ecemm Delve ess esse saacsdecceessessonsness gonsosQdoN 3.10 1.92 3.17 2.81 
ANUALYseeoeesesees SBadondanpneddosnkoddse noovoadopbobacc 3.70 Panga 4.08 5.70 
He bran ynerssann sssacacececnsetasemssesvecscccerecvsee 2.33 1.90 2.18 4.07 
Marchieeeets stccs shes tcossstentarstssscosteesesteretes 3.88 1.82 1.94 3.02 
ANS DTI coe GOS CSO OOUIIK BCIONOR OCIS SORODO HIDE IENIC 2.45 7.65 5.26 2.61 
Wiciveeraneenseetasccsteescesccer OB pabEaBNDES a TOHOICHOE 2.62 5.83 3.61 5.86 
June....... Loteitesnsspeanascss dsesncdsceseiae Deacersestee 1.50 1.11 5.29 3.12 
ALN esscacece sadesccecaborcocnasonsgecnBonenbense BUdso 5.60 0.80 6.04 2.31 
PAUEUBtiscese-cerwcoceotopessscesesrasesensenssesceceseacss 3.02 0.73 3.23 1.19 
September........ccccrscrsccossovccesesseascoesseoocees 4.45 0.75 3.00 0.73 
MO) CLOW CI amenerssscieosrs SHSROTED BOUNCE CORO SCEOOC NER 6.40 2.81 1.48 0.81 
INovembeotmeranactccctaccontansscseseccouscaccnass: 3.33 1.68 2.22 0.67 
42.38 29.71 41.50 32.90 
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Rainfall and Stream-flow on Connecticut River—Continued. 


1874-5, 1875-6. 
MONTH. = = 
3S 
‘5 z = E 
‘S = ‘3 & 
ae ie a cm 
December ............ 5605050 npg: BescacGunsUuc eaewes 1.82 0.76 1.27 1.83 
January.......0. padpananbedede cic boooceacosinbasoncuzens 3.40 0.72 2.64 3.36 
JAG] O TET esacosce noanuoudooaducoate nesNobonectoG csdadoaal|) PACS 1.14 4.48 2.71 
IMiarchitstsscsncsescess settee sseccesecetrcaedodetesdencerss 3.18 2.06 6.02 3.95 
Atorilescsrcrtecacteccss occ censmtianaausseumnsesssesessesees 2.54 6.14 2.61 6.76 
By eet ete, earn eee seal BOE) F469 3.44 6.54 
VMUNSmce csi escvtcesseccscsrsceSeecccese cwesuecens naeeenees 4.80 1.50 4.59 1.73 
UllivMeeccaysecenc soteccacetrs nedectecescter seencasetes 3.50 0.97 5.34 0.93 
PAUISUIStieccncen tore sewaseetaeeeseses deceengacaeeosuoNaseds 4.84 1.35 0.97 0.70 
September.............. : 3.03 0.74 6.31 0.72 
October 4,46 1.15 1.25 0.71 
November......... Ranecatees Rasgeoaacttce pacereaseraees 3.07 1.73 2.76 0.88 
40.83 22.95 40.63 30.82 


1876-7 1877-8 
Mecomber qesmvtcnsscoesereretecs Rape Rarorcrconcaase 3.88 0.72 1.44 1.95 
PAMUBLY cwsasscossteiccesacdncevesotersscertscasessoasss 2.54 0.74 3.20 1.26 
0.62 0.78 2.56 2.06 
5.16 3.92 DOS 3.67 
2.35 4.64 7.52 5.21 
1.26 1.91 2.64 8.59 
4.92 0.88 4.79 1.51 
6.01 1.07 8.29 0.87 
3.02 0.97 4,23 1.12 
1.38 0.76 2.34 0.84 
6.18 1.34 2.34 0.80 
November..........s00000 Sbccceues@cedtes seevexeneesses 5.14 8.19 4.11 1.81 
| 


42.76 20.92 40.69 24.69 
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Croton River Gaugings. 


The Croton river is well known as the source of supply for the 
city of New York. From careful measurements we find the area of 
water-shed above Croton dam to be 353.1 square miles. The country 
embraced in this area is hilly and the rock is mainly gneissic. It is 
overlaid with drift earths and gravel to some extent. The valleys 
are rather flat-bottomed, and the upper portions of the East Branch 
are bordered by narrow swamps. About 30 per cent. is covered with 
timber or brush, the remainder being tillable or pasture land. There 
are some forty natural lakes and mill-ponds, aggregating about 1.3 
per cent. of the whole area. The artificial Croton lake at the outlet 
raised this to 1.5 per cent. 

In 1873 Boyds Corner reservoir was completed, making the total 
water area 1.6 per cent., and in 1878 the Middle Branch reservoir 
came into use, raising the whole water area to 1.8 per cent. The cor- 
rection for this storage has not been made in the first record for lack 
of data. In my analysis later I have corrected where it was neces- 
sary. Our record ends with 1881. Since that date several storage 
reservoirs have been added, and the stream has consequently become 
less valuable as a guide to natural flow. 

The series of gaugings below I have compiled from data published 
by the Department of Public Works of New York City, in the 
Commissioner’s report on the new aqueduct, in February, 1882. The 
flow over Croton dam is given from 1865 to 1881, but lacking the 
flow through the aqueduct, I have only been able to obtain the total 
flow from 1868, or for fourteen years. The method of gauging was 
crude, the height being measured once a day at Croton dam. Only a 
good approximation was desired, however, and it appears to have 
‘een obtained. 
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TABLE No. 22. 


Rainfall and Flow of Croton Water-shed. 


Area of water-shed, 353.1 square miles. 


In inches on the water-shed. 


1868. 1869. 
MONTH. =i = 
Ss 

‘3 E = E 

Ss ne 3 Ss 

ie} Ry (ae) By 

ae ee | ee ee eee eee 
CIEE Fo cdecondentopncptncac EDO enOQaedUsIKO sonerce so) Sw 1.95 3.79 2.17 
FP ODIUALYccsqatce cass oclgskerscae sseccapauesccsesteesoss 1.38 0.79 3.64 0.39 
; ; 5.48 4.71 
211 3.16 
4.52 2.75- 
3.59 1,48 
2.26 0.54 
1.92 0.33:- 
3.20 0.23 
9.46 2.39 
2.48 1.87 
5.96 2.95 
50.33 34.80 48.36 22.87 
1870. 1871. 

AWUALY a cesccrcest ssa re Saices douse secaescssisats ess des 4.51 3.76 3.80 0.52 
EDLUALY cvecaves<teseccce(cetcrsiesvecsescssecssescces es 6.40 3.64 3.81 1.61 
3.80 8.24 4,27 3.36 
5.45 4.00 3.01 1.90 
2.30 1.69 8.45 2.90 
2.06 0.70 5.73 1.24 
38.43 0.46 5.07 0.69 
5.10 0.48 5.24 0.68 
2.85 0.32 1.44 0.55 
4.78 0.40 6.18 1.60 
2.51 0.56 4.35 3.60 
December scccssscevecseoes ses Eocthe seocesreseacecsaneen 1,49 0.59 2.59 2.10 
44.63 19.79 48.94 20.75 
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Rainfall and Flow of Croton Water-shed—Continued. 


1873. 


1872. 
MONTH. oq fs 
sS Ss 

5 E ‘s : 

oy aS) 3 s 

Ox Fy pS fy 
MADUALY owesene seat cccsvnes syascoosdecsvecevecseccusesee 1.44 1.88 5.66 3.72 
Heb RUAR Vat roetie ders scte cite ctcncspeceeascersteeeeee 1.22 1.07 3.09 1.70 
WAR CIN pee seonceteoeencescvedes cece rseecseteaterececncs 2.59 1.31 3.08 3.29 
EAD Tile ser Casas cAstatec cesta es toste ovescroseate cere vsaes 3.04 2.97 SHC 6.44 
IWR condestcinadacodben Recos oH peatece eee ences Tenn Cee 3.69 1.20 2.91 7.48 
SIT Cttenesstevecette ss stccct ec ccdorevscescserieecsscnves 4.00 1.14 0.71 0.50 
“STE es Mee a ea 4.34 0.55 2.21 0.48 
PAUIOUCE rate cchdsescsttare plats ohio cassatiuceccssessee 5.99 1.24 5.738 0.58 
CUCM CT Mace nee cate riecccrnarteseseostcotenecerecesses 3.69 1.13 8.73 0.47 
OClhObeteercr-crcsencescucastscnetatceatwiseusasestocceses 2.15 1.07 5.13 1.09 
INGwemibene. sncsescecescct es eecorce cersesetete enone 4.91 2.48 3.72 1.50 
IMECeMDerenrsy. tes ree- estas tees once secstacssnesecten 3.68 1.38 4.13 3.13 
40.74 17.42 43.87 30.28 

1874, 1875. 

RAMAN soetesdeensetessoe cess seer. cebbtiocanoanccoceoNde 6.96 3.89 2.74 0.57 
IHlebiuatyaedecattessasscsesssescsssssiens Reese eeetesees 2.78 2.58 3.47 2.90 
1.57 2.88 4.99 2.63 
6.31 3.33 3.04 4.83 
1.99 2.90 1.08 1.68 
3.57 0.88 3.02 0.54 
5.98 0.85 3.10 0.54 
2.75 0.69 10.33 4,41 
3.56 0.51 211 0.82 
2.40 0.70 3.61 0.53 
2.72 0.59 4.61 1.96 
December........ Pencivccectacteaswee ve succussusestacaees Ii} 0.85 1.56 1.73 


42.37 20.65 


43.66 


23.14 
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Rainfall and Flow of Croton Water-shed—Continued. 


1876. 1877. 
MONTH. a = 

Ee ‘a s 

aI & a= 8 

m4 Fe ec ey 
JANUALY..cccssse avscrueds cususceness ueorasee seeatetees 1.42 1.42 2.68 0.76 
Hlebruaityecaweccsnesserestsccacesrersccseusteerssccetstee 4.91 3.28 0.80 1,37 
MAY CHinteve cs cvseceSedes cs socecescerne vedas ccesocayertees 6.33 5.75 7.66 6.35 
i 4.43 521 2.35 2.80 
3.99 1.89 0.85 0.82 
2.52 0.62 4.95 0.55 
3.42 0.52 4.65 0.50 
1.20 0.49 2.54 0.48 
§.21 0.36 1.49 0.382 
1.50 0.37 8.38 0.71 
INGVEMDEL exec snes tenn: cokes secocesecasevcsseewer ves sles 3.40 0.60 8.16 3.76 
IDECOMbEE Arenscerassterecsceeeeceseess eoavesene sere 2.35 0.62 52 8.90 
40.68 2S 46.03 22.32 


1878 1879 
CURVE Fa G050-bocoacnosauodoadoCanen bpsianesabonbec adonae 4.49 2.46 2.52 1.37 
3.65 3.32 2.85 2.21 
3.10 3.64 4.96 3.92 
2.85 1.61 5.10 4.70 
4.97 1.48 2.45 1.86 
4.65 1.32 §.29 0.78 
4.28 | 0.62 5.95 0.62 
2.66 0.62 5,83 1.04 
6.61 1.69 3.43 0.99 
3.78 0.77 0.95 0.63 
4.36 1.70 2.49 0.75 
8.74 6.49 4.26 1.88 


54.14 25.72 46.08 20.75 
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Rainfall and Flow of Croton Water-shed—Continued. 


1880. 1881. 
MONTH. 4 = 
os] 3 
z| E ‘2 E 
‘3 & Ss & 
io ico ec em 
MANU ieccesedsctcdeststcercsccsseeeseebuctdess seanestes 4.00 2.62 4.19 0.65 
HPLC OLUAGY cccsexccaseadesscotacaccuccecduosserossescnscue 2.92 2.75 5.28 2.95 
: 2.89 6.14 5.42 
1.96 1.67 1.69 
0.85 3.74 1.26 
0.49 5.27 1.46 
0.50 2.45 0.53 
0.50 eval 0.50 
0.48 0.75 0.49 
0.50 3.65 0.50 
0.49 4.50 0.50 
0.51 6.37 1.49 
14.54 45.72 17.44 


Passaic River Gaugings. 


The next series of gaugings is for one of our own most important 
rivers. These gaugings are compiled partially from records fur- 
nished this Survey by private parties, and partially from our own 
observations. The gaugings are at points from Little Falls to 
Dundee, and have all been carefully reduced, compared and referred 
to Dundee dam. Every precaution has been taken to eliminate errors, 
and as it stands the record is a most valuable one for our purposes. 
We are particularly fortunate to have obtained the data which have 
here been utilized. The Passaic above Dundee is in all respects a fair 
average type of our northern New Jersey streams, although it has 
certain peculiarities which we shall point out when we take up the 
study of the stream in detail. For a full description of the water- 
shed we refer the reader to the Topographical Atlas. 
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TABLE No. 238. 


Rainfall and Stream-fiow, Passaic River. 


Area of water-shed, 822 square miles. In inches on water-shed. 


1877. 1877-8. 
MONTH. = fas 
x S 
r z =e Es 
3 i} ‘S aS 
[aaj By [aa Fy 
MJECOMPED every ceceeersoibccsrocneeee ot ececdcadsiorhvovel sessoveavens| vertteesstes 1.01 2.53 
DAMUAT Vie cate cree eeees eset ece ee eete or oe taiese 3.81 92 5.85 Qi 
HC DRUARYccanec ern. secede oeeeeen seat ree ateeeiaees 1.48 2.30 3.82 3.75 
MVR CHEM ccewereecceceseccaccses paccets coh eee eeeee |W BOTOU. 6.02 3:80 8.84 
DADE Et ees senercctecteveccececonacs ee ECR ee 3.00 3.06 1.50 1.43 
97 .98 4.59 saree 
4.37 63 8.03 1.67 
4.87 44 5.00 .80 
6.11 60 5.99 1.62 
1.98 36 2.46 52 
7.25 2.98 Sali AQ 
6.93 5.34 3.48 1.75 
47.07 23.63 42.75 22.84 


1878-9. 1879-80. 
5.69 6.83 5.04 2.42 
2.87 82 2.40 38.55 
2.21 1.83 2.72 2.64 
3.75 4.12 4.12 2.55 
4.61 4.37 2.89 2.09 
2.51 1.71 61 1.04 
417 .97 1.44 32 
5.10 45 7.69 42 
8.18 1.60 4.87 *.50 
2.77 93 2.18 *,48 

.29 24 1.70 22 
INOVCINCr ce secre tacccanctsesecsessecetecutts Gravessrovsteee OO) .26 2.32 74 
44.16 | 24.13 37.98 41 16.97, 


* Missing from record. These values from Croton series. 


WATER-SUPPLY. 


59 
Rainfall and Stream-flow, Passaic River—Continued. 
1880-1. 1881-2. 
MONTH. fs = 

es : 3 : 

‘S ae ‘S 

ae & eta Fy 
MCCOMIDEL ce cccedsccts cos ceawuc esti ceneseeeeeites Aooecl) | Al) .68 4.59 1.65 
MATUALY Bec caescceccteese coeedcaweones dete sedsenes oseses 4.08 1.14 5.63 2.20 
PG DMUMATY socvsvnceecsts ne deskesseesestseueceuc niocvccenes 4.57 3.59 4.31 6.90 
IVEAT CINE var revadeeveroscecscesencetercester econ sseeueds 5.10 6.77 Sa 4,35 
EN DYUliRcrecovduscoses toe ececetete oleae test n ees eadd 1.04 1.68 2.05 1.23 
Ua eienen saraereee te occcec ates i ledevcoseeet ie cess 2.78 89 6.45 3.04 
RUMOR aso anceee aeons stem nee t sees ccecdete tseevedeess 5.42 1.89 3.43 1.90 
AU UM vare See oocce eset cele ceveauteccssatceseseecesceanes« 1.85 39 3.02 94 
ARO ERTES BBB EBSCO RGU E EEE Rondo RCE LEE ODER CEE OEE .90 27 2.43 26 
DEDLCIMD ELM tes tite re secre see ravectncccceteciescucesces 1.06 26 10.74 3.86 
OCUQWE MI accacdstea edoentecsacteridacsecesestescsess wisteve 3.08 25 2.06 1.68 
INO VEDI DSL usteetscengacceescivoers coal ehacterse seseelueion ee 57 1.59 57 
35.70 18.38 49.83 28.58 

1882-3 1883-4 

1.88 1.14 3.36 75 
3.75 91 5.16 2.83 
4.24 8.03 4.54 6.21 
2.03 3.16 4,75 5.01 
3.91 2.94 |; 2.48 2.68 
2.92 1.67 2.92 1.85 
4.93 afl 4.45 64 
2.96 1.04 5.21 133 
RIBS 38 5.81 .88 
WePtemer ecctsscesecsecscesscstessesesescenssocsieeee 4.13 85 61 o2 
QCLODEI Is. scsestectecsccscoesoecstesseseneeatecteeseceess 5.67 1.09 3.38 59 
NOVEM ED tersctasdssciess sesestasc'ses Bas SeteSe ane TeeNSs 1.35 1.30 3.39 .99 
39.90 17.72 46.01 24.08 
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Rainfall and Stream-flow, Passaic River—Continued. 


1884-5. 1885-6. 


MONTH. 


Rainfall. 
Rainfall. 


43.55 22.36 43.75 27.20 


1886-7 1887-8 

3.57 1.15 5.72 2.32 

4,45 2.84 5.77 4.61 

5.10 4.84 4.41 3.90 

2.87 3.63 6.68 4.97 

2.53 2.66 3.97 6.13 

1.93 1.10 6.09 69 

6.65 2.04 2.80 38 

8.82 2.29 1.98 36 

4.27 1.35 7.60 1.00 

2.01 38 8.06 4.19 

OCOD eRe ceseteecdnactobecocstbers sscseomertnceerets sees 2.14 66 4.53 2.65 
INGWeMDeUetsccscestesd-cck cores sasucenenrtns SHodenugonC 1.75 59 4.09 3.00 
46.09 23.53 || 61.70 34.20 
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Rainfall and Stream-flow, Passaic River—Continued. 
1888-9. 1889-90. 
MONTH. = = 
Ss Ss 

a = ‘S E 

‘S & ‘3 oS 

ta} Fy ia} ica 
December........ b ewaedulonecdste sete voccevecaaaatenes 4.33 4.51 2.14 4.40 
January ...... perteecetecccescesscssees Bendec es aseaaseed 6.04 5.75 2.69 2.01 
Bebruatyyacctsce-ccssscscseccces Birascaaersnaseccstess 2.41 2.28 4.59 3.24 
Marchts.c.scsesce Reecrecen tee ceece Pacecaaeastavesesseees 3.22 2.19 6.03 3.30 
PA EUs sees sseseese Sasbeunsoccnsceden ivisetscacsees Re 6.34 3.41 2.58 2.99 
Mayi.sss.ss00 ASAE EP IGSAIT ORO EEE ELEC OEE One 2.85 2.85 4.39 2.74 
A finals) eanacens Wecsurusteecrtecuaeeeseess Siavesteessoees 3.43 1.65 4.55 1.78 
RL Vimesteccescees See ee ace Seem e eee ao adabandecces 14.49 2.31 6.14 1.47 
PATICUSUrecsscacosscnitccscesotsascsconcessoacsscesavsescss 4,49 4.14 4.96 1.04 
EDLC DC Wecrecacsostcnecssencoveetecseesccetocseses s+ 10.06 3.90 3.73 1.52 
OCLODETaececousercesenes ccsaees scencweeecesenecataneeake 8.06 2.15 5.20 2.49 
November...... hovoctee Cedacdcelsncancceeccesoneeseceie 10.16 6.29 75 ilsayve 
70.88 42.23 47.75 28.35 

1890-1 1891-2 

December........000« Scab ee cee coe etec te teneecesietarn acts, 4.17 1.98 4.73 2.04 
ANU ALivrseretssesestcesscce serontectceesceseanewsseseres 7.52 5.92 5.38 5.34 
4.55 5.41 1.35 1.55 
4.24 5.30 4,19 2.66 
2.80 2.49 1.69 1.43 
2.80 94 4.92 1.42 
1.86 44 4.68 1.20 
5.16 il BUM 52 
Bl2 83 4,39 53 
DOs 64 OAS .40 
OGtOberee tee cesen nee Seccsoceseseeemutsenescioanisnnsse 2.50 ol 72 25 
Son a steele '« Aitueacbscnseeesossesievensos. Saticet e.g 0 63 6.84 1.38 


44,33 


18.72 
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Rainfall and Stream-flow, Passaic River—Continued. 


1892-3. 1893-4. 


MONTH. 


INOVICMDED. cocctsec cers stetcetec de doserecencetcooecoeae 3. 65 1.30 sacguetevasal aaaaeeer eat. 


49.13 SAG iilsessssescessleeseseadeers 


Tohickon Oreek Gaugings. 


This series is compiled from the records printed in the annual 
reports of the Chief Engineer of the Philadelphia Water Department 
for the years covered. The Tohickon is a branch of the Delaware, 
which it joins at Point Pleasant, about eight miles above Lambert- 
ville. The water-shed is similar in its topography to the southern 
portion of Hunterdon county, in this State. The country rock is 
Triassic red shale. About 28 per cent. is timber and waste Jand, and 
72 per cent. cultivated. Elevations range from 400 to 1,000 feet 
above tide, and the upper half is a rather level plateau with a general 
elevation of 500 feet. 


WATER-SUPPLY. 


TABLE No. 24. 


Rainfall and Stream-flow, Tohickon Creek, Pa. 


Area of water-shed, 102.2 square miles. In inches on the water-shed. 


1885, 
Rainfall, Flow. 


Octo Den es aces cacee ter eeeuien een eneon eases ec cOetne ties 4.80 04 
INOV EMER seccccctceceacscessssoecarcuctas tes eee eara eae 4:67 2.57 
1885-6. 1886-7. 

MONTH. oc = 
3S 3 
a : a 
S a 3 
(ae) cy iam 

1.78 8.83 

4.36 4.24 

9.19 5.47 

4.28 3.07 

4.76 2.41 

3.43 2.59 

1.40 6.77 

77 8.13 

10 5.29 

03 3.36 

05 1.93 

1.96 1.42 

82.11 47.51 24.15 


63 


1887-8. 1888-9 
6.53 3.20 4.35 3.48 
5.31 6.38 4.43 4.38 
4.34 6.72 Pi 1.52 
§.23 6.27 8.67 3.86 
4.08 4,28 4.90 2.88 
3.03 Boe nol 1.70 
1.69 15 6.94 2.29 
3.20 .06 1233 6.41 
8.07 1.77 4.63 3.75 
8.32 5.49 7.92 3.40 
4.06 1.54 4.57 25 

INOVEMDOL cc ccscceres eee adgastecssansseceusessess 3.66 3.11 8.86 7.97 
57.52 39.49 70.38 43.97 
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Rainfall and Stream-flow, Tohickon Creek, Pa.—Continued. 


1889-90. 1890-1. 
MONTH. oj x 
3 3 
a E a = 
‘S — S = 
4 fy pq fy 
December sercc stecsvveseescoocecsdscctonccceves SE 1.99 1.92 2.75 1.51 
PADUATY coseecceteests cosaseastecovanesesecreceierdecsse 2.82 2.06 6.15 6.15 
[Nebruatysrccsscsstratcadecuntsscevs cen iecsnacessy eee re 4.72 3.78 4.58 5.68 
IMIATOHT, teonccccdiecenccseeccetenececcuteeneseecteectn eet 6.77 6.37 4.79 5.08 
WADrilesseqseentbemtasncest aces SSonoTesceCADEAHEMNGO5G0NC 2.48 1.79 1.97 1.58 
Mavseesscuseccersassuccsosticetessccccasterstecencascese, 6.30 3.09 2.83 28 
ANUBIS ianocncscadonn Jaleccseveastenessueeectsorceee tore 8.93 75 3.38 Aly 
Pill Vass sevetoccatenees sacossceeon ter steen tects oereceass 5.81 87 7.49 90 
PATI SUIStinereces saesanenecscenesrsededondcneccccen erase seter 5.75 .92 8.90 3.92 
Septembererctoctessccctoesessrerssestaterctecascwascos 2.99 1522 1.37 94 
October sesince ceacatsscasececsustataeacesnoscnecaseseets 6.20 8.54 3.81 46 
INOVEMIDCE. cerecnseessececscse nes Sieviscaieessoaeesses 1.07 69 1.98 63 


50.83 27.00 50.00 27.25 


1891-2. 1892-3. 


INOVeIN DEK arececiucnecteasscnscensotes 
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Neshaminy Creek Gaugings. 


This record is also from the above-quoted reports of the Chief 
Engineer of the Philadelphia Water Department. 

Neshaminy creek is a tributary of the Delaware, and the portion 
of its water-shed here treated of lies in the vicinity of Doylestown, 
Pa. The surface is rolling, ranging from 250 to 700 feet in elevation. 
Only 7 per cent. is wooded or fallow, 93 per cent. being improved. 
In its general character this water-shed resembles those of our red 
sandstone district southwest of the moraine line at Plainfield and 
Perth Amboy. 


TABLE No. 25. 


Flow of the Neshaminy Below Forks, Pa. 


Area of water-shed, 139.3 square miles. In inches on water-shed. 


1885. 
Rainfall, Flow. 


@ctohersccc..ccocssacssesseocstessote ea cadesseniesetease . 5.56 17 
NOVEM CLatctecostvssccteccteeses Jecteicessetcedesssusene 4.50 1.53 
! 
1885-6. 1886-7 
MONTH. = = 
3S 3S 
z = ‘S Es 
3 cS ‘3 Ec 
aa} fy ioe} Fy 
AWD ECOMPCI a siceccshis acess tecwennecceddotsdterenrsceades 2.88 73 3.30 2.84 
ERNE T3328 Senodsdaseaqcoaacaducoooocancstcricadoeseobodd 6.11 6.21 4.64 4.22 
Heb ruaryaract reticence deste sesrsen jones cael senecessbes 6.18 6.55 5.05 3.94 
Iai beni cs we oe co eseclovesd ecwnesldetecaacueacseiwenauses mii 2.30 3.57 3.25 
PACpiill teccteecctes decease esccsnttesseceee scars emcmtire 2.93 8.57 3.18 1.46 
FI s8cisanGase Ss0coDUsOGHOSDOOG EET Hoa dodddnCY aacticosnsuon: 5.79 2.09 2.15 71 
UUM Gree eee eee oh cc to save Dose asowesnenccacewecssietents 5.67 91 UPA 1.67 
Dillyaeaeseatccostntisersurcssccsssmoeccresseetr=stenasoese 5.40 S81 8.1 1.96 
PAUZUSs..0..0ccsceecnseeese soaueoacsersee pasanatannesnoe 1.60 14 3.84 81 
September...........-.ceccorscssossercessevecessensccess OL 05 4.06 41 
eto be rear ee nce cend se ccets Coacene tore seoevisesees Pel 06 1.90 36 
INIOHOTONS Poenaqnaceabogadcanosod0aonnUsanoCURCOOSORnBNCO 3.92 55 1.63 23 
DViGAT ES sressece FUME Rett esis anes consesancer ececetienes 46.87 23.97 48,74 21.36 
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Flow of the Neshaminy Below Forks, Pa.—Continued. 


1887-8. 1888-9. 
MONTH. a = 

z| E ‘ E 

Ss & ‘3 ac 

ae Fy oa} cy 
WeCembern. eistesss ceastececoauteschecseeeetoetsotets 6.13 2.89 3.72 3.16 
ANUAL Ypoaee soigaccetadevecieseceusheuccsne ste enanencnecs 4.47 4.60 3.61 2.92 
HebIrUaYAecsacwesescocncrerecscatcaesectcereceseterters 3.98 5.49 1.90 90 
Miar cbc ccieciecioevats doce sca becscevesseeoeoe reese ceeees 5.15 4.89 3.37 2.90 
April i iscctssescgsesscvecstccsselth ssetessenediveseconses 3.88 2.79 4.83 2.07 
IM Ay2h ccc istcssecscvecescavssvenbocoeasecensezescssvonses 2.87 52 4.90 1.49 
WUMEC ccc scssseder cccees ccsscsssevasecs sotastoceecsseers 2.34 22, 5.25 1.16 
DUlyiircsssassctercsactecsessecutietacseaeecetesasceenecses oul 15 12.42 5.47 
SANUPUSE is. <ccscsccsscsescsesssszeaccrvesmtactedesesteaws 5.78 64 4.75 3.37 
September .0..:...dstescssusseaceaceeeacgassas cameos ces 6.93 2.63 8.56 3.51 
October Pes ct ca casecesvai vances Wade eer oodawec ses 3.76 1.05 5.09 2.55 
IN OY ema ber tcees=.Gactccecc sees ote enue odeice come teeeates 3.49 2.34 8.53 6.31 
BYICOT ease ee ao tves Scat ccocccasest esate icaccdestece 52.49 28.21 66.93 35.81 

1889-90. 1890-1 

DECOM ED rer ccoresce nice se etc erence acne 1.88 1.88 2.86 1.37 
AMMA ese ateeen seek escdcaseceeuteeaparsecienostenets 2.08 1.60 6.28 5.78 
Rebnularygre<: sseteacs (cece. tasevtancces ieiceea cate care 4.28 3.00 4.61 4.47 
IED RO Wee ces te oeitrsongey ReanAT ener aaCACer ren A 5.36 5.09 4.91 4.32 
SDT tevnesnt nonaeesess se neecedteenendesecesinanateesacen 2.46 177 1.90 1.48 
Nigy re Soe ee OMG 5.20 | 151 2.92, 32 
DUDS eta wd oscestocsessGoece tee seesasmeswatiee niece seems: 4.51 99 3.46 24 
RIL Vern comwismadiae cee ves wsceenGeussnwestecresece ae tapes 4.47 63 §.71 34 
PATIOUISE  vacesicsieds vwevate auaawetsaws sree tee ORee hee 5.80 O38 6.73 1.95 
September ecn+cssscsdocucteosenet te Pitescees seas 3.00 39 2.54 ny) 
OCHO Derr ecece amides sauces seaeoneuawocee nee oneness 6.18 2.16 3.66 55 
INOV.ELD EI es ccsacies <c shrsoustecacsaunetorenteres con tecee 1.06 atk 1.88 56 
PNIOAT Coat seices oat ows Aci esueetinwsaceacee <cseenteree 45.78 20.33 47.46 22.65 
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Flow of the Neshaminy Below Forks, Pa.—Continued. 


1891-2. 1892-3, 
MONTH. x = 
Ss I 
‘a = ‘a Es 
‘S aS ‘S & 
pq ic a} Fy 
December........... SAC ABBE AOTC DOSAGE ASP ARECRORTIE 4.19 3.02 1.69 1.15 


Perkiomen Creek Gaugings. 


These are also from the above- quoted reports of the Chief Engineer 
of the Philadelphia Water Department. This water-shed lies be- 
tween Quakertown and Pottstown, Pa., and adjoining the two pre- 
vious water-sheds on its northeast border. Elevations range from 
200 to about 1,100 feet. The northwestern headwaters are in a quite 
hilly country. The remainder is rolling and similar to the water- 
shed of the Neshaminy. Woods cover 25 per cent. of the water- 
shed. The remainder is under cultivation. 
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TABLE No. 26, 


Rainfall and Stream-flow, Perkiomen Creek, Pa. 


Area of water-shed, 152.0 square miles. 


In inches on water-shed. 


1885, 


Rainfall. Flow. 
OGEOD ER aecrscceecnesssesccucausrers te oatatocte eventos 4.74 43 
INGVeIi be arceeecens ccsstnsasa: specs occauecsonsesuseres 3.88 1.79 
ai i 
1885-6. 1886-7. 
MONTH. i=! re 
s 3 
‘3 E ‘a cS 
‘Ss & ‘3 = 
ae ey aa fy 
1 DEE Os seccacdigodcococopeandouccIndei0e soGasodbodo! 3.18 2.45 3.76 1.43 
AIMIAN Ys cenwnnar hesseceastsersssttscestestwsecasntsecene 4.21 3.03 4.55 4.00 
IH CDRUALY ses eaneesneruetieccesatesscsansnedsearcennecn: 5.08 5.64 5.64 4.23 
Miartcht atascentsecsetost sus eseote SOS RSCBBORODAUCHERONCO 3.96 2.58 3.00 3.08 
J Soya acento b acts onoccnabogg SCOOR COORD Cote DDOC 3.00 3.42 2.84 1.25 
IMG vires cccccencnetoveccdattiadcacrastensnseretsststcetees 6.59 2.64 1.85 72 
JUNO cotece ee ctoctceecacttoes sstarecavevshasarsatcceses 5.26 1.89 5.87 76 
dil bycaaeoeasiocao ce 690066540 Ses eRHUDAEbLoCO AKU mamOCC Oc 5.06 Hi 8.63 2.07 
PRU OUS taertecee averse sy nsnssces se sateroenstneestie ence 1.44 35 2.76 1.43 
Neprenibertcemapencastscoeacascerssevesocesearscccses 1.37 23 3.64 62 
OCOD er vcscs-snatcs vosseccacsectscSanpstagecessettecsses 2.36 .26 1.44 43 
INTO OG Rosenctinncdeooccrincontisgeectinneccnnbooobac Keocd|| = 2743) 1.53 1.61 40 
46.79 | 25.18 || 45.59 | 20397 
1887-8 1888-9 
WOCOMPCrsscesscessasasoretsectecsess ses ssccsnsececs's 6.65 2.13 4.37 2.89 
CUE TATE co cdgonoacedcocaConCoG eR CanOnCaCAeendbEe paoaacet 5.01 3.66 3.86 8.27 
TRG) GREER arscoar:nocebonodcoosenbach ccpedbancebncn cb: 4.08 4.41 ESS) 1.47 
March Srcscteorsssscscecsctossssestecsccasncsscssesscs 5.15 5.10 3.17 3.0L 
ATU E Ns Mpisschocacessresceseescdntoerstidcosceseseens 3.43 3.45 5.05 2.07 
Ma VicwnscMiecasceccsccctantiees ecasteesacescesstrece teteus 3.16 92 4.55 1.58 
UDO seaee cceresoctcncccas stance ors sotecevenncoveceterens? 1.62 .39 7.16 2.65 
CIWS esorcbicoodasuancecdsonoocenancdienpandaccantehqasecs 2.77 25 || 12.23 4.89 
FAUSUStic scenscsacescodsscoccesncatecrcesesneccenteerees 8.02 1.53 4.00 2.48 
Seplemborassneccsssscetscsteenenscertecmecnssome 7.36 3.68 7.00 2.80 
Octobertirescccrceres cece en cmemneetnee aBeoccos 3.41 1.26 4.78 2.34 
November. tir-cccascerstececsoctsrencccireeeteeees 3.42 2.46 8.67 6.67 
54.08 29.24 66.83 36.1 2 
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Rainfall and Stream-flow, Perkiomen Creek, Pa.—Continued. 


1889-90. 1890-1. 
MONTH. = S 
& ¢ & < 
¢ > q > 
3 x) ‘3 aS 
ae} Fy aa Fy 
Weceml boris ne samenet access tea eaaieics sevwoh eee 1.70 127 Daal 1.14 
RGMUAR Vere a serene cacueeen eee ren aaveee cance 2.81 2.05 6.30 5.29 
BL GDIUAbyaemace tere tcen ee moa iootieacdhoreee 4.37 3.58 8.84 418 
March Seems tee eaee crater renennarecetcensectteseeee 6.56 5.58 6.07 4,29 
POUL UMAR er nse de ect ne cen teen ML, NON Ce 2.80 2.60 1.98 1.80 
DWheiy Sena nnict coals tometuet otae ane hoveeen Ace aes ene 6.43 3.15 1.99 66 
PeMUIN Greece ett me aeat site aad ebendevtcr eee 2.40 94 3.01 .36 
CLUS ac Hn aol Mie a) Air 9 Ae ar 5.20 1.09 Vel) 85 
PMUOUStrec ees coche cece ate eee Ce Tohe towne ye tennede: 6.75 1.08 7.57 2.04 
evtemlberaytinssatetsdestetcscesse ass tee eee cane 3.71 1.30 2.63 1.53 
BO) CLOW CI ecine net era een one cote a eee 5.48 2.36 3.52 56 
INONEIMDeR eu schcessccerececcoe ered creche tee Peecscesaln ailyl 2 87 1.99 60 
49.33 25.87 49.34 23.30 
1891-2. 1892-3. 
PID GCOIM OO asc esare tacts cera fedeateensasienesessehonens 4.73 2.89 1.89 1.23 
SJAMMULULY sect sesceeseccitcesseoseranccucsccsevssetet sense 5.57 ATOM A eeascessseee| eseees noeeee 
HC DEUAIVestsscasoensseos cos.ceetosssacstenetescesaeees 1.25 TICE ecccecieiecccd |bocodasaotan 
EVI RCI eemae aasenel acne wi un cotcendnasbaueseane see cueeee cs 5.00 LODE Miilecections el estawecatene 
PAPEL Ua ceasededschisssoscsshessanissscaaslesuessesearseses 1.78 DUG ial |Resccacesacs|saccecseoses 
UNayeemenete sea ctorrsscseacsssSesusteses Ree ee 5.33 TBS SU ale ee eere cal esererevcts 
UTC w eater aebaicecescarse Ea daceesatenectabantaesrasene 3.18 OO aM illescyscneeetalleseecteteces 
Mi eeccee nate caeased can siemescecteaseemeeraceecieee es 5.19 U7 Sim jibe cee aeeeealleseresaacess 
VAUIS US ste deees ses valves seesisiiscveiccocecncemeseek canes 2.70 LUOr es | hssaseneeeseteleresae sacs ss 
Replenmtbelematanecaniidecsse  saseasereses saceeetecnns 2.21 LOOM Mliltsssacasesslescesstueuse 
PAO CLODOT ere enc ces cotbaccaslssdsseavssesusteetsorcsecssees 46 Bee lliLe commesse | cations sore 
INOVCMDCES a sradecnsescseetestetacissssssecncodcaeoees 6.64 Delta Neceecesa se lease ceeetee 
44.04 DOOD Wissesncsesecless@orseasns 
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Potomac River Gaugings. 


The Potomac record we have taken from a paper by Cyrus C. 
Babb, in the Transactions of the American Society of Civil Engineers. 
The observations were made for the United States Geological Survey 
at Great Falls, Md. The following description is from Prof. Geo. 
F, Swain’s report, in Volume 16, Tenth Census of the United States, 
“ Water-Power :” 


“The two branches which form the river rise in the Alleghenies, 
the north branch near the western corner of the State of Maryland, 
and the south branch in Virginia and West Virginia, near the 
sources of Cowpasture and Jackson’s rivers (the headwaters of the 
James), whence it flows nearly north. These branches, with their 
affluents, and the tributaries of the main stream as far down as the 
Shenandoah, drain a series of narrow and generally fertile valleys 
lying between the parallel ranges which make up the system of the 
Alleghenies in this region. Their falls are, as a rule, not very large, 
their declivities uniform, and their beds gravel and sand. Their 
chief peculiarity lies in the fluctuations to which their flow is liable. 
The rain falling on the mountains is shed rapidly into the water- 
courses by the steep side slopes leading to the narrow valleys below,,. 
and there being few lowlands to overflow, and so to store the freshet- 
water, and no lakes whatever in the region, these streams, and with 
them the Potomac river, are subject to very sudden and heavy 
freshets, while in dry seasons their discharge becomes very small. 
* * * From the junction of its two branches, the Potomac cuts 
through the mountains nearly at right angles. Its valley in this part 
of its course is narrow, its fall at places quite rapid, the bed generally 
gravel, bowlders and sand, with rock at small depth and often at the 
surface, and the banks generally high and sometimes precipitous, 
with not many low grounds subject to overflow.” 
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TABLE No. 27. 


Rainfall and Stream-flow, Potomac River. 


Area of water-shed, 11,043 square miles. In inches on the water-shed. 


1885-6. 1886-7. 
MONTH. = cs 
Ss Ss 
= z = E 
Ss & ‘Ss & 
es Fy m4 
MD ECCINIDET riretsecces seas see scia re sus osdccess scudseceoveryecensetsebes|(odsisoastedece 2.60 1.14 
AMMA yar. ceeenee sete tete eas anet accetless «oe.ce Meeceas 4.40 1.43 2.38 1.27 
JARS OFAVE AY cecocacondaasebadedno5oanaceu Ngo mone HGWoronOorr 3.52 2.20 3.88 2.28 
MARCH ese niteeg oaeanesce Saw tscess sapere cova Saaseaes 4.59 58 2.86 2.84 
PAU Teilimece erect ntncte cect ans sr scaeseerstseauasseetses 3.81 4,46 3.56 1.42 
DV eivprrcec saereevect sls seawsc eens co seclsais taco Sescee ness tor 8.61 2.52 3.51 2.62 
RIUM seen cherie e een ose ethos otcccdteeeasuasthseasse 6.34 30 4.44 1.43 
Mlidlivgaee terete Cretan i ceeae sent ecesineces ceececceevsse esas. 6.81 55 5.04 64 
JTITIESIOE cron enonagnecandeceneTacicanuc con Cupeoco on aor aban 2.58 63 2.17 37 
WO MLCUAVEL esateassavasaccsnesecics cacrcaesacoasesaces 2.21 34 3.58 37 
OOCE QED et oa cuictees actrees etoaeh seed ah sacieee ae os iretrne 1.60 39 1,21 35 
ENO VEIN DER cactensecsscosteeracascenesecchertersoneccees 4.03 80 ily 33 
PYieareese tena cancontect eilete snNsnaeeceecostencs 48.50 14.16 36.40 15.06 
1887-8. 1888-9 
December vende sceseecec seeds con senedsasecsaeeseae de 3.23 58 2.60 1.43 
AVUARY sre-eeaesaccsdacsscesreseescedie rete ssessesses: 3.27 1.33 3.97 3.26 
TNS ONEE 7 Crap bonccodon nando ded aoocbedoc acopseaca eo sudeea 2.71 2.70 1.85 IC, 
IM IBIRGLA econcdoqan4sccnaded de sanccanbacceass coararogocKeenG 3.68 3.01 4.37 3.95 
INTE cogpadeeencicoans desdco6ns00s UonccoodSedeces caoeaBo9 2.01 1.82 5.14 3.61 
Rly ees AN Cerne ec we ores a ea 1.11 515 | 1.98 
JIU DAG: dor ofteacodsoone saeansenoner sadinosbodabe gor paacutace 3.40 88 9.55 465 
ALN /oece coaccnc do0 soahononesaub seb oncnoncodEoctscescosce. 3.65 1.94 4.18 1.00 
PATIOUSL eet smsecsscrsencesecstesstesersedsececneaacese's 4.78 1 3.83 1.71 
Septenabersceccsasenesceseaesestosnssesseeseeseenscoes 5.34 1.70 4.91 257 
OlOberreccrciiiercnec cess scceetacdosyee cu cssceecccesises 2.74 74 3.70 3.08 
INOmem bensassencamntaisscnenssecseasteedasucesecsos: 3.09 1.66 5.95 6.58 
EGET lsc contasbacccadeeniauzann ao senbencoabseue 41.61 17.98 55.20 35.59 
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Rainfall and Stream-flow, Potomac River—Continued. 


1889-90. 1890-1. 


MONTH. = = 

Sa ce.  setol os 

‘S & 3 4 

oo & o ics 
Decombenmeccnscwapac tessa vosecdeessceecziscean ceteee 1.20 2.90 3.14 88 
RAMU ALY oe ereecte ates rec tess cincas onicve dss coscewssenses 1.44 1.01 3.79 4.25 
He Druar Ver serenct ens cee coctanessetsecccccwenssore: 3.98 3.68 4.15 7.54 
5.09 6.09 6.23 
3.23 7.22 
2.80 65 
4.83 2.23) 
6.61 1,22 
4,02 74 
2.98 61 
1.09 41 
1.98 AG 

RYGAIe ee tecssyecendestadceaecaunsucccsteameahecwes 42.98 28.15 44.71 32.44 _ 


1891-2. 
Rainfall, Flow. 
Decem bers nesacaneccoicuee vesodeses ter eeneees eee eaee Otel 1.01 


I have not deemed it necessary to add to this collection. It 
embraces, so far as I have learned, the best material obtainable for 
the eastern United States, and is sufficiently comprehensive for our 
purposes. 


ANALYSIS OF GAUGINGS. 


Our first step must be to trace the relationship between annual 
rainfall, stream-flow and evaporation. Throughout this analysis it 
will be impossible and useless to attempt to carry the reader through 
all the detail of the processes by which our results are reached, and we 
only aim to give so much of it as will enable him to follow in outline 
our method. First correcting the observed yearly rainfall and flow 
to allow for rain carried over to the following year, and for water 
, drawn from ground-storage when we find such correction to be neces- 
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sary, and then grouping the years in classes corresponding closely in 
the amount of rainfall, and taking the averages for each such group, 
we obtain the results shown in Table No. 28. 


TABLE No. 28. 


Yearly Rainfall, Flow and Evaporation from Gaugings. 


SUDBURY WATER-SHED, MEAN LATITUDE, 42° 15’. 


Rainfall. Stream-flow. Evaporation. 
31.55 11.40 20.15 
39.40 18.08 21.32 
43.97 22.31 21.66 
46.39 23.54 22.85 
50.85 27.23 23.62 
52.33 28.80 23.53 
55.98 81.97 24.01 


CONNECTICUT WATER-SHED, MEAN LATITUDE, 43° 307. 


Rainfall. Stream-flow. Evaporation, 


43.84 27.38 16.51 


CROTON WATER-SHED, MEAN LATITUDE, 41° 207. 


Rainfall, Stream-flow. Eyaporation. 
40.07 18.67 21.40 
44,42 22.29 22.13 
47.06 23.29 23.00 
50.05 27.33 22.72 


PASSAIC WATER-SHED, MEAN LATITUDE, 41° 00/. 


Rainfall. Stream-flow. Evaporation. 
38.52 17.55 20.97 
43.49 23.11 20.38 
46.30 24.11 22.19 
61.70 36.90 24.80 
70.88 45,23 25.65 


TOHICKON WATER-SHED, MEAN LATITUDE, 40° 257. 


Rainfall. Stream-flow. Eyaporation. 
46.88 24.45 21.98 
50.42 27.13 23.29 


70.38 43.97 26.41 
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NESHAMINY AND PERKIOMEN WATER-SHEDS, MEAN LATITUDE, 40° 207. 


Rainfall. Stream-flow. Evaporation. 
44,91 19.95 24.96 
45.69 20.35 25.384 
49.14 23.52 25.62 
60.09 $2.35 27.74 


POTOMAC WATER-SHED, MEAN LATITUDE, 89° 507. 


Rainfall. Stream-flow. Evaporation. 


45.43 20.70 24.73 


The Connecticut gaugings are very unsatisfactory. I have merely 
given above an average for the year, embodying the entire series, 
When we come to separate them into six-month periods we shall see 
that most of the irregularity is in the winter flow. Consequently 
we shall postpone further consideration of the Connecticut. The 
Potomac series also is best treated by periods. Above I have taken 
the means for four years, rejecting two years for the present as ques- 
tionable. There is a strong probability that either the rainfall or 
flow observations are in both cases somewhat faulty. Let us first 
study the Sudbury, Croton and Passaic gaugings. 


TABLE No. 29. 


Evaporation for Given Annual Precipitation on Sudbury, 
Croton and Passaic. 


Annual EVAPORATION. 

Precipitation, Sudbury. Croton, Passaic. 
31.55 DONS | hs eo ge ees 
3802 D — we Teese a oe ee 20.97 
39.40 YA Se PO ts ke ee a, ee 
OES) eS ren 2140-7 eee 
AS 10 ie ee PS se. Peusees 20.38 
43.97 PAE Sch east Ss gdainte 
AA a ates 22 ASSET a rn, 
O30 PP Gece et ees 22.19 
46.39 22,805 See acacia ee 
BTEOC ee > a Babee PRET = as BES 
50; 00j0) amines ees ee ce 2AM f) Lee ees: 
50.85 23,02.) a eseek a) ae ees 
52.33 23Dar a a Wee Ss Ee es 
55.98 24:0 tog Ee SS ee Oe keer 
OCLC ORe see cea a ie eee 24.80 


LOSS: a | eee eee ae odo 25.65 
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The resemblance here is striking, and holds good for the closest 
analysis. The series are long and the character of the streams well 
known. As they all obey one law, and so closely resemble each 
other, we shall combine them in one formula, which we shall use for 
a starting point from which to work out to other streams which show 
somewhat different results. Charting the above values and adopting 
a line which represents a safe average of all, we obtain the following 
- formula to express the relation between annual precipitation and 
annual evaporation on these streams : 


H=15.50+ .16 R 


In this and subsequent formule H equals annual evaporation, R 
equals annual rainfall and F equals annual flow, the latter being equal 
to R minus £. 

A careful study of the annual precipitation and flow of the other 
streams, together with a number of the streams in the Mississippi 
basin, has practically demonstrated that the difference in amount dis- 
charged for given rainfalls is due almost entirely to increase or de- 
crease of evaporation owing to increased or decreased annual tempera- 
ture. The capacity of atmospheric air to absorb moisture is about 
doubled for each twenty degrees of increase in temperature. It is 
therefore safe to assume that the power of the atmosphere to draw 
moisture from the earth’s surface is increased in like proportion, since 
statistics of evaporation from water surface, being much in excess of 
evaporation from earth, show clearly that the evaporation from land 
surface is never equal to the demand of the atmosphere for moisture. 
We will therefore allow for other water-sheds an increase or decrease: 
of 5 per cent. from the values given by the above formula for evap- 
oration on the Sudbury, Croton and Passaic, for each degree of in- 
crease or decrease of mean annual temperature from that of these 
three water-sheds, and compare the resulting evaporation with what 
has been actually shown as the result of gaugings. 
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TABLE No. 30. 


Computed and Observed Annual Evaporation. 


g2| 82 | 22 | 8 
3 a2 | sc Bo 
rs as So mia! 
STREAM. tay Cea A = . ei S 
q S a dee a 2 o Oy 
§ 4 Sas dpe sao itaces 
a2 | a8 |/88e| as 
Sudbury, Croton and Passaic. ....... .... seeseeeee| 49.7° 46.26 22.90 22.80 
Neshaminy and Perkiomen...........ssssessessseses 51.7° 49.96 25.85 25.96 
IMsstssip pith. ci7. wssscbeseseneeaerevaretessactscsmeanee 52° 29.57 22.56 22.41 
Uppers Mississippi... cccnsscesduactueccacenpe seat 48° 23.13 17.57 18.48 
IMiSSOULERIES seve ccneccceseteseeeasematsomatccceeat cess 48° 19.60 17.06 16.46 
WRG ccsccsdacaccscsacsesesscceses cessaseedenansenebies tenets: 60° 38.60 29.63 29.76 
ODL Onsssetocs cavec sss duasceaaatessl iaoeesstuarceesicanand 55° 43.10 28.33 30.17 
Sh. Croiics.s.csscscscssseteacssenesuateeene coe sercecte 48° 30.00 18.60 18.90 


The gaugings in the Mississippi basin are taken from the table 
compiled by James L. Greenleaf, C.E., and published in Vol. XVILI., 
Part II., of the Tenth Census. They are from good sources, but not 
entirely accurate. 

So far as we can tell from the data in hand, the formula which we 
‘have deduced from the gaugings of the Croton, Sudbury and Passaic 
holds good, therefore, allowing for temperature as above, for such 
extreme cases as 60 degrees mean annual temperature, or below 20 
‘inches of mean annual precipitation. We have now introduced the 
element of mean annual temperature in order to make our formula 
applicable to all streams. Calling this 7, a general formula for all 
streams would be as follows: 


E= (15.50 + .16 R) (1 + (7—49.7) .05) 
or E= (15.50 + .16 R) (.05 7—1.48) 


This, however, is merely a suggestion. Our purpose is to deduce 
laws which hold for our own State only. The above more extended 
examination, however, will serve to give confidence, inasmuch as it 
shows temperature and its consequent greater or less evaporation to 
be the controlling cause of divergence in the yield of different water- 
sheds from a given rainfall. 

While we could no doubt obtain more accurate results by incor- 
porating the element of temperature in our formule of monthly flow, 
we prefer to aveid the complication which would result in actual 
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application, inasmuch as we do not believe it is necessary or desirable 
to introduce so much refinement. Applying the above general: 
formula, but carrying the results only to the nearest tenth, we obtain 
the following values of H for the water-sheds under examination. 


TABLE No. 31. 


Formule for Deducing Annual Evaporation from 
Annual Rainfall. 


Sudbury, Croton, Passaic, Mean Annual Temperature, 49.7°, H=15.50+ .16 R 
Connecticut, Mean Annual Temperature, 47°, H=.9 (15.50-+ .16 R) 

Tohickon, Neshaminy, Perkiomen, Mean Annual Temp., 51.7°, H=1.1 (15.50 +.16 R)» 
Potomac, Mean Annual Temperature, 52°, H=1.1 (15.50-+.16 R) 


In none of these cases is the mean annual temperature so closely 
determined as to warrant greater accuracy than the nearest tenth. 
We think we have shown sufficiently well, however, that variation 
in temperature is the real cause of the variation of yield of the vari- 
ous streams above given, and a much more potent factor than forests, 
topography, or the other causes usually assigned to account for such 
variation. The facts of greater absorptive capacity of air when 
heated, of greater humidity of the atmosphere of southern localities, 
and the smaller relative yield of southern streams are all matters of 
general scientific observation. 

Inasmuch as our term evaporation is comprehensive, including 
direct evaporation and the water absorbed and transpired by plant 
growth, the water available to produce stream-flow will be the differ- 
ence between rainfall and evaporation, or f= R— LE. 

We have determined the relation between yearly rain, evaporation 
and flow. We have next to determine their distribution through the- 
year. To this end we will first divide the year into two periods and. 
observe the relation between rain, evaporation and flow for each. 


78 GEOLOGICAL SURVEY OF NEW JERSEY. 


TABLE No. 32. 


Summer and Winter Rainfall, Flow and Evaporation. 


SUDBURY WATER-SHED. 


DECEMBER TO MAY. JUNE TO NOVEMBER. 
= 3 i 3 
— I 3 z 5 
< : a ¥: E a 
S £ 5 3 = iS 
io fy ea) ae em ea} 
16.45 11.26 5.19 14.75 LA 13.04 
21.15 16.09 5.06 17.40 2.35 15.05 
24.17 19.21 4.96 19.22 2.63 16.59 
26.03 20.78 5,25 24.44 4.49 19.95 
Ae Rates lcsbecsleteaderecses| cerccesscseressces 27.68 6.99 20.69 
ges etea sain. coed [Sar tcsstsecescpteltsweotaces esti wees 31.03 11.85 19.18 
CROTON WATER-SHED. 
14.57 Lies: 3.44 17.25 2.54 14.71 
16.90 11838353 3.57 26.87 3.58 17.29 
19.09 13.84 5.25 22.28 5.06 Le22 
21.49 16.64 4.85 | 25.54 7.15 18.39 
22.80 18.60 4.20 | 28.01 8.36 19.65 
26.74 | 21.26 5.48 Ilis¢ancbinss Code asder [paslecosasncaseeices losces te eases tetas 
PASSAIC WATER-SHED. 
18.79 14.33 4.46 15.88 3.62 12.26 
20.56 15.65 4,91 20.20 Bye 16.67 
21.69 | 16.75 4.94 22.83 5.16 17.67 
25.29 20.25 5.04 23.98 6.34 17.64 
28.30 22.52 5.78 25.64 8.26 17.38 
Fon GQ ORSLOCS OAK OARAC HS one Bicone] MOM AERreaaen cee 30.29 10.96 19.33 
Beenie te Ny vita wie biel ore CN Wactan ao 20.44 25.25 
TOHICKON WATER-SHED. 
22.70 18.25 4,45 20.87 4.65 16.22 
26.82 22.87 3.95 26.19 6.78 19.41 
Seale bade viahes stcll we sesds et vewassan oceans aswecacieasen’ 29.00 122 16.88 
Secaassesaeer wleoel take comb te ces'ess =| sonene co warre crane 45.25, 26.15 19.10 
NESHAMINY AND PERKIOMEN WATER-SHEDS. 
21.60 15.14 6.46 20.53 4.03 16.50 
22.69 15.03 7.66 24.27 5.93 18.34 
23.57 16.84 6.73 26.48 7.00 19.48 
24.67 18.23 6.44 44.92 22.10 22ND, 
26.64 20.52 6.14 | 
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Summer and Winter Rainfall, Flow and Evaporation—Continued. 


POTOMAC WATER-SHED. 


DECEMBER TO MAY. JUNE TO NOVEMBER. 

g dq 

aS) & 

= 8 = = 

a : 3, = : 2. 

‘S & 2 S aS) 5 

io} fy jea) [ea] em} eal 
18.70 11.06 7.64 19.56 4.58 14.98 
24.00 13.60 10.40 OA isa | 5.67 15.84 
Raa ccninee see shisaii(iceeasaeslswccaile alice secactlssesces ss 22.62 7.54 15.08 

CONNECTICUT WATER-SHED. 

15.38 13.04 2.34 20.42 5.86 14.56 
16.80 14.61 2.19 21.18 7.89 13.29 
19.59 17.74 1.85 24.00 7.66 16.34 
Be ec orchids ce cel enawaicts seueact dais sesteee cutest seas 26.95 8.21 18.74 


Boia esiee deerencec| corcstsessecrarcrnissccscteseeseansse 30.74 12.99 17.75 


We find the resemblance between the Sudbury, Croton and Passaic 
holds good for these periods also. Following up this analysis in 
detail and platting the results, we find the year is best divided into 
two periods of six months each, of which one extends from December 
to May, showing small evaporation, which varies but little with the 
rainfall, and the other begins with June, extending through Novem- 
ber, and showing large evaporation and a rapid increase, with increased 
rainfall. Platting and adopting a line to represent a rather high 
mean for these periods, we obtain the following formule for the Sud- 
bury, Croton and Passaic : 


December to May, H= 4.20+4 12 & 
June to November, # = 11.30 + .20 & 


In order to apportion this correctly between the months, I have, 
for the winter months, taken the distribution indicated in Table 17, 
since the conditions closely resemble evaporation from water surface. 
For the summer months, I find the best distribution to be an average 
between that for long and that for short grass in Table 14. Tested 
by the results shown by the gaugings themselves after frequent trials, 
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I have found that with slight modification near the ends of the 
periods the distribution through the months thus obtained is accurate 
within the limits of our data. 


TABLE No. 38. 


Formule for Computing Monthly Evaporation from Monthly 
Rainfall. 


SUDBURY, CROTON AND PASSAIC WATER-SHEDS. 


e== Monthly Evaporation; r= Monthly Rainfall. 


Wecembervececccsrccsnces decdcoscesees e= 424+ 107 
DINED A ocecnoceancndocconaancenonoccd e= .27+.10r 
MeDrUa Yass. cceusetanaces tess deter cet e= 2380+ .107r 
March: corscnicqaschorecere soasecceweces e= 48+ .10r 
APUIl ccraseeteerssecupacaretnaete saete™ C=. 81 Ole 
IMaiviserectsececceccescacevecesscecceeees e= 187+ .20r 
UNG tect cctcescsscassctotsatessences e= 2.504 .25 r 
JULY Aveseese cc se cotiscocaenoceMatene asters e= 3.00+.30r 
ISU GUBtjecsensen oeseeseretserteseetsases == 2.62+ .257r 
Septemberna.acvcistmasscess sos cnes e= 1638+ .207r 
OctoWerirecsseauatceesvece-vensssieevons 6 GeSisfeala 
INOv. emery. srrsccecsccnnccssascsicctses e= 664.107 
PXiGABapiralece ceetorenesc occeectacncesnes EH=15.50-+ 16 & 


It would be most reasonable to adapt these formule for other 
streams, by applying to each season a correction of five per cent. for 
each degree of difference of mean seasonal temperature above or 
below that for the same season on the above streams. Our tempera- 
ture records, however, are not so complete or accurate as to make this 
advisable. We shall, for the limits of this inquiry, at least, obtain 
as good results if we assume the difference in mean annual tempera- 
ture to be uniform throughout the seasons. To obtain the monthly 
evaporation for other streams, then, we apply to the results obtained 
from the above formule the following multipliers which we have 
already used: Connecticut, 0.8; Tohickon, Neshaminy, Perkiomen, 
1.1; Potomac, 1.1, or in general, .05 7— 1.48, in which 7 equals mean 
annual temperature. These formule are very readily applied so as 
to obtain the evaporation for any given rainfall in any month of 
the year. 
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Lifect of Ground-Storage. 
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If we compute the evaporation as above for any of the drier years 
in our collection of gaugings, we shall find many months, and some- 
times several in succession, in which evaporation equals or exceeds 
the rainfall. Let us, for example, take the Sudbury in 1882 and 
1883. We have two dry periods giving the following results : 


TABLE No. 34. 


Supply to and Draught from Sudbury Water-shed During 
Dry Periods. 


MONTH. 


INGV.CMiDeiececccotie recess se vicescese san secien 
Decemberistecte cs icccecticcdececcnensscces 


1883. 


PANIGUSbssasradcetscccucesescecaresesesccsesees 
WELODCIE Masserersesccsconsietenrecroeesaces 


Observed rainfall. 


HE 09 69 6 bo | Computed evapora- 


Ay Hwome . 
Ot 0 OO RO Es 


| Observed flow. 


| Total supply 


| rainfall. 


| evaporation + flow. 


| Total draught 


The first and the third columns of figures above are from observa- 
tion. The second shows evaporation computed by our formule, the 
fourth shows the total rainfall from the beginning of the period, 
which is the supply of water to the water-shed, while the fifth shows 
the total drawn from the water-shed by evaporation and stream-flow 
combined. In the first period, it will be noted that the total draught 


6 


82 GEOLOGICAL SURVEY OF NEW JERSEY. 


exceeds the total supply throughout until December. By the end of 
August the excess has reached a maximum of 5.44 inches, and stream- 
flow has sunk to a minimum of .10 of an inch upon the water-shed. 
As the total supply approaches the total draught, in the last two col- 
umns, the flow increases. In the second period, August and Septem- 
ber show a draught in excess of the supply over seven inches, and the 
stream-flow is again ata minimum. By January, the supply equals 
the total draught, and stream-flow has again reached about the 
amount with which we started, something over two inches. Whence 
has this excess of 5.44 inches in the first and 7.03 inches in the 
second case been drawn? Evidently, there is but one source, the 
stored ground-water. We have in the table itself the proof that 
there was great depletion of storage, for in September, 1882, rain 
amounting to 8.74 inches fell, and yet only .53 of an inch flowed 
off in the stream. Mr. Fitzgerald’s table shows that not over 4.2 
inches of this would have evaporated, even from a water surface. 
What became of the remainder? Evidently, it went to make up 
the amount which had been drawn from the ground. At the end of 
the first period, in December, the stream-flow should have been about 
two inches per month, but it was then winter. A part of the pre- 
cipitation was held suspended in a frozen state, consequently the 
stream did not fully recover its normal flow for full ground-water. 
The end of the second period shows more clearly the rise of the 
stream to its normal flow, as the ground-water is replenished by 
rainfall, although here, also, the excess of supply over draught 
in December was probably in the form of snow or ice. The flow 
of the stream during such periods as these is almost entirely 
drawn from ground-storage and, like the fiow from a constant 
outlet in any reservoir, it decreases as the water lowers in the 
reservoir, owing to a decrease of the head which forces it out, 
this decrease being first at a rapid rate, the rate diminishing as 
the reservoir approaches depletion. We learn, therefore, that when 
supply and draught are equal and ground-water is full, the flow of a 
stream will be the difference between rainfall and evaporation. We 
may warn the reader right here, however, that in freezing weather a 
portion of this theoretical flow may be held back as snow or ice, and 
carried over to increase the flow of later months when it melts. 
Further, a part of the rainfall recorded as of a given month may fall 
so late as to not fully affect the stream until the first of the subsequent 
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‘month. There is no way to provide for these accidental variations in 
our formule, nor do they practically affect the value of the formule 
although due allowance should be made for them when we come to 
compare theoretical, computed flow with flow actually observed 
‘During months like those in the above table, however, in which flow 
is from ground-storage, it is necessary for us to determine for each 
stream the rate of monthly flow for given stages of depletion of 
ground-water, before we can compute the dry-season flow of such a 
stream. This is readily done from the gaugings by an analysis 
-similar to the last table. Thus for August, 1882, the depletion at 
‘the end of July was 3.97 and at the end of August 5.44 inches, the 
average being 4.70 inches, and the corresponding stream-flow is 
.10 inch on the water-shed for the month. Analyzing any set of 
gaugings in this manner and platting the results, we can construct a 
curve of ground-water flow, like those produced herewith. 

In all these analyses the flow for full ground-water seems to range 
-close to two inches per month, and I have assumed this in every case. 
The resemblance between the Sudbury, Croton and Passaic is marked 
for high ground-water, but for lower stages the Passaic shows the 
best- sustained flow, the Croton coming next. In every case the flow 
approaches.a constant as the surface of the ground-water approaches 
the slope, at which the pressure toward the point of delivery is nearly 
equaled by the friction of the material through which the water 
flows. In similar soils, or those of about the same density, the de- 
livery of ground-water is more rapid as the range of elevation of the 
surface of the water-shed increases, ¢. ¢. where there is the boldest relief. 
Given the same relief, the delivery is greater for material presenting 
the most voids; clay, loam, sand and gravel ranging in the order 
named. 


HOW TO COMPUTE FLOW. 


Applying the above facts, we may compute the flow of a stream 
by months for any given year of which we have the rainfall recorded 
by months. First we enter the observed rainfall as in Table No. 35, 
and beginning with December for reasons already considered. In 
the next column we enter the total rainfall from the beginning of the 
year to the end of the given month. Next having the mean annual 
temperature, 7, we determine 1 + (7’—49.7°) .05, the factor by 
which evaporation as found for each month by the formule of Table 
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No. 33 is to be multiplied in order to give the true evaporation for 
the stream in question. Computing this evaporation for each month 
we enter it in the third column of figures, the total from the begin- 
ning being entered in column four. 

Beginning with December, we may now take the monthly flow as- 
equal to the difference between rainfall and evaporation until such 
difference becomes less than the ground-flow due to full ground- 
water, or about two inches. When the difference falls much below’ 
this point, our ground-flow diagram is brought into requisition.. 
This we must have prepared with the aid of gaugings, or, lacking: 
these, we must adopt the diagram of some similar water-shed. We 
have entered our monthly flow in the fifth and its total in the sixth 
column. So long as the total rainfall in the second column equals 
the total evaporation plus the total flow, the ground-water remains 
full at the end of the month. So soon as the surplus of rain over 
evaporation is less than the amount which the ground of the water- 
shed will deliver into the stream, a deficiency will occur, ground- 
water will lower, “ wet-weather springs” will begin to dry up. We 
must now seek a monthly flow which will be such as to correspond to: 
the average condition of the ground-water during the month. Call- 
ing the depletion at end of previous month, shown in column 
seven, d,, and that for the month under consideration, do, we have 
dg=d,+e+f—r. The average depletion for the month, or 
aad: a Soe =d,+ a oe eS or more conveniently d = L +d,— 
r—e 

a 
April is the month under consideration, dj = 0,7 = 1.82 and e= 


Here all are known quantities excepting f, In our example: 


1.05. Substituting, we haved =F — .38 for the condition to be 


satisfied. An inspection of the ground-flow diagram of the Sudbury 
shows that for f = 1.44, d = .34, which satisfies the above conditions. 
With a little practice, one or two mental trials will fix the value of 
J with slight effort. The diagrams present advantages over a ground- 
flow formula with varying constants and co-efficients for different 
streams, being more readily compared and insuring greater accuracy. 
It should be noted that f can in no case be less than r —e — dj, for 
the rain of a month goes partly into the ground to replace depletion 
at the beginning of the month, partly to evaporation and the balance: 
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must flow off in the stream, although it may be held back in the form 
-of snow or ice to flow off in a later month. 

The examples here given are intended also to indicate how the 
computed and observed flows of streams compare. 


TABLE No. 35. 


Computed and Observed Flow, Sudbury River. 


MONTH. 


ee eevoroce 
se ereerroceoe 
eeevcscovoos 
Peveereceroeree 


Peon eesereresere 


October 


1882-3. 


PALIUALN ss vas venir 


sear vevecceaccceve 


see ceeeosccoce 


November 


Monthly 
rainfall =r. 


a T 
Mee eee ae 
mee Cio ee al tha eel 
Sa | 2a Se | 88 
pein Seas. | eo 
—— 
 BYOhs 79 A etal 
9.91 87 1.66} 5.08 
14.46 Wha SAN eh) 
17.11 74) 3.15) 91 
18.93}. 1,05) 4.20) 1.44 
24/00) 2.88] 7.08} 1.52 
25.66} 2.91] 9.99 82 
DiRAS tao Domo .20 
29.10} 3.04) 16.56 15 
37.84} 3.88, 19.94 .20 
39.91] 1.18) 21.07} 1.28 
AOC ate 2 22.28 AY 
43.36 .65| 22.93 Ae 
46.17 .55| 28.48] 1.67 
50.04 68} 24.16) 3.19 
51.82 66) 24.82' 1.12 
53.67 1.05) 25.87 1.52 
57.86] 2.71) 28.58} 1.24 
60.26} 3.10) 31.68 .70 
62.94} 3.80] 35.48 BD) 
63.68} 2.80) 38.28 16 
65.20 1.93} 40.21 14 
70.80 1.55} 41.76 OY 
72.61 .84| 42.60 .38| 


* Corrected for deficiency of 1.41 from previous year. 


Computed 
total flow 


ground-water 


Depletion of 


Observed 
monthly flow. 


Observed 
total flow. 
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Summary by Seasons, Sudbury River. 


1881-2. 1882-3. 
ae ee Seite ales 
'S 3 rm 3 > 
4 ae | BE = Gice |eece 
3 Bice y ace 3 BG | 2 
e Sew sop cS SE) woe 
WViniceme nate Mth: 1446 | 1205 | 887 g.98 | 5.58 | 2.82 
nn een 954 | 487 | 8.86 7.82 | 388 | 6.87 


SUMMED esscesesteccewsaseecests 5.10 ilsilye 1.16 5.82 1.09 87 
FANILUIMTictecessevececs ose een 11.96 Pg 1.42 8.93 79 84 


NEG Bb baeueeocneocnd 41.06 | 20.30 | 20.31 31.55 11.34 11.40 


Our winter-computed flows are generally larger than the observed, 
as they include snow and ice carried over into the spring. No 
formula can make proper allowance for this. It varies with every 
winter, and we can only say that with full ground-water the flow 
will not usually fall lower than one-half the theoretical, and rarely 
in any case will the monthly flow in this season fall below half an 
inch on the water-shed. The extremely light winter flow of 1882-3 
on the Sudbury was due to a combination of freezing weather, snow 
and ice and low ground-water. At the close of April the observed 
flow equals the theoretical. The actual winter flow is about 50 per 
cent. of the theoretical. The difference would be the equivalent of 
27 inches of snow, or a less amount accompanied by ice. The actual 
amount held back as snow or ice in New Jersey can rarely exceed 
three inches. From December to May the computed and observed 
total flows agree well. For the first year I have corrected the De- 
cember observed flow to allow for 1.41 inches of water which would: 
have flowed off had it not gone to make good a depletion of that 
amount of ground-water at the end of November. This method of 
computation often links two years together in this way, and for 
illustration of this I have computed the two years above continu- 
ously. This shows how the year 1882-3 began with a shortage of 
1.52 inches from the previous year, and ended with a depletion of 
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1.63 inches, about the same amount. The flow of 11.40 inches for 
31.55 inches of rain was therefore about normal, or more exactly it 
should be 11.63, showing evaporation to be 19.72. Our formula 
E= 15.50 + .16 R gives H=20.55 inches, or somewhat larger. 
The reason is that the heavier rainfall was in the summer and spring, 
the seasons of maximum evaporation. 


TABLE No. 386. 


Computed and Observed Flow, Croton River. 


eas 2 Ry S ; 
= a ES a S | Ss | 5 
mae a ed Se SS Sea es | oe 
Sa oe (38 |) OS) Sackea- (es bl ee lee 
Rosa ae es I eeleae lees ees 
Oe 6-q Os of oO on v © Rome) Qw 
Seles Was oulena Ors SS 12) syllinors! |sO'S 
1879-80. | 
December .......... 4.08 4.08)  .83} .83] 1.88] 1.88] full. | 1.88] 1.88 
DBNUALY acer 0201200 3.80| 7.88|  .65} 1.48] 3.15] 5.03] full. 2.62| 4.50 
ODM anyersessses ce 2.97| 10.85 .60} 2.08} 2.87} 7.40} full. 20\) 0-20 
Maren jtsccneets. 4.01] 14.86)  .88} 2.96] 3.13] 10.53] full. 2.89} 10.14 
Aor lessee uieceshe: 3.57; 18.43] 1.23) 4.19} 2.34) 12.87] full. 1.96] 12.10 
‘IE teeta ee 1.09} 19.52} 2.09} 6.28}  .82) 13.69] —1.82} 85! 12.95 
ANT eee eee 1.06| 20.58] 2.77| 9.05] .25} 13.94)—3.78] .87| 13.32 
PGS reas ae koe ois: 5.57| 26.15| 4.67| 13.72] .22) 14.16] 3.10] 35] 13.67 
AUSUSb ooh. ensas 3.82) 29.97) 3.57} 17.29] .24| 14.40/—3.09] 24] 13.91 
September........... 2.50! 32.47| 2.83} 19.62| .24) 14.64/—3.16] 25) 14.16 
October.......0...6.: 2.75| 35.22) 1.21) 20.83! .27| 14.91/—1.89} 20] 14.36 
November .......... 2.39] 37.61| . .90} 21.73]  .52|° 15.43] — .92| 42) 14,78 
1880-1. 
December........... 2.44, 2.44, .66| .66| .86|  .86| full. AT AAT 
DANWArYs<..kevcesoe. 4.86| 7.30| 1.00) 1.66] 3.86] 4.72] full. 59} 1.06 
February .........8. 4.96] 12.26)  .80} 2.46) 4.16] 8.88] fall. 2.92) 3.98 
Marchi, a deeceeesve- 6.15! 18.41/ 1.09) 3.55} 5.06] 13.94] full. 5.42) 9.40 
LS eee eee 1.241 19.65| .99] 4.54) 1.25] 15.19|—1.00} 1.69] 11.09 
May ....... Pn 3.46] 23.11| 226' 6.80] 1.23) 16.42;—1.03} 1.26] 12.35 
AE OME Z5<gevteiane 5.05} 28.16] 3.76] 10.56] 1.25) 17.67; — .99} 1.46] 13.81 
CTU ee oe a 2.07} 30.23] 3.62) 14.18]  .35] 18.02}—2.89|  .47| 14.28 
napisy ee. sce cased 2.66] 32.89] 3.28! 17.46] .22] 18.24/—3.73} 23) 14.51 
September .......... 70| 33.59| 1.77} 19.23]  .18] 18.42/—498| 14] 14.65 
October’ .....00.0005. 2.79} 36.38] 1.21} 20.44) .18] 18.60/—3.58]  .19) 14.84 


November.........../ 5.21! 41.59! 1.18! 21.62 88} 18.98! — .07 00! 15.34 
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Computed and Observed Flow, Croton River—Continued. 


1 


, | 
, I ; : 
aie ; Ry Ry : 
PS RS 5 s | 38 & Tl ‘ss | 3 

ar ie ol | Iie) Bl) Be} SE ISES gn bee 

Sa eee Se Sat eee eal 

oe | es So | Sex =I = las] 2 Drs 

82/88/83 )88|28) 8s oe 25/238 

St 2 |e Soe Sa eeculuerg (cose eso so aco 

1871-2. 
December..........+: 2.59) 2.59 .68 68} 1.91; 1.91) full. 2.10) 2.10 
SANUAT Yj ececaresec'sey 1.44) 4.03 Al} 1.09} 1.03) 2.94! full. 1.88) 3.98 
February........... 1.22) 5.25 49) Wbi 80) 3.74] full. 1.07| 5.05 
Marchi..c.s..c+0ccos| 2.09) 7.84 74) 2.25) 1.85) 5.59) full. 1.31| 6.36 
PATpIllveaveeeressrscane 8.04; 10.88} 1.17} 3.42} 1.87; 7.46) full. 2.97) 9.33 
IMIG sete eaessores 3.69| 14.57) 2.61) 6.03} 1.57; 9.03) — .49} 1.20) 10.538 
UNG seestedesstec oes 4.00} 18.57} 3.50) 9.58 .98} 10.01)-— .97; 1.14! 11.67 
ilyiscccasesseeesss oe 4.34) 22.91) 4.30) 18.88 .61} 10.62) —1.54 .55| 12.22 
PANISUStiateseeseces es 5.99] 28.90) 4.12) 17.95 .79| 11.41) — .46} 1.24) 13.46 
September ......... 3.69} 32.59] 2.37) 20.382} 1.80) 12.71) — .44) 1.13] 14.59 
OCTODER metas eeece 2.15) 34.74) 1.18] 21.45) 1.21) 18.92)|— .638) 1.07] 15.66 
November.......... 4.91| 39.65) 1.15] 22.60) 38.18) 17.05] full. 2.48} 18.14 
Summary by Seasons. 
1879-80. 1880-1. 1871-2. 
Se ahaa tea (ein enna cen ees cue: 
& Brg teen < Se & 5, F 

ae) BE 8 Boi eile Se Mele ole se alee eee 

ea} Od | Oq m4 OF | Oq a Og | Og 
Winter Seca we ateess 10.85] 7.40} 7.25]! 12.26; 8.88] 3.98 5.25] 3.74) 5.05 
SPL O se ccyeneees 8.67; 6.29; 5.70}) 10.85; 7.54! 8.37 9,32} 5.29) 5.48 
Dec. to May...| 19.52) 18.69) 12.95]| 23.11) 16.42) 12.35]| 14.57 9.03] 10.53 
Summer ..........! 10.45} .71| .96|| 9.78! 1.82] e216! 14.33] 238] 2.93 
ONGTUAD LON Ne an PEER Oe 7.64] 1.08 87 8.70 74 .83!| 10.75| 5.64) 4.68 
June to Novy...| 18.09}. 1.74; 1.88]} 18.48) 2.56] 2.99]| 25.08) 8.02 761 
Gare. ccceee 37.61] 15.43) 14.78], 41.591 18.98) 15.84]! 39.65] 17.05] 18.14 


Norr.—The rainfall in this table has been carefully corrected, and differs slightly from that 


of Table 


22, 


As we should expect from the nature of the gaugings and the 
unsatisfactory rainfall records, the agreement is less satisfactory on 
the Croton, but there are, nevertheless, convincing evidences of the 
correctness of our formula. For 1879-80, the excess of computed 
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over observed winter and spring flow is to be accounted for by the 
filling of storage reservoirs. We have corrected the monthly flow in 
summer for this and the following year for water drawn from 
storage, deducting the same, but we have no data by which to deter- 
mine the amount to be added to winter and spring flow except that 
we know it amounted to 1.40 inches on the water-shed in the aggre- 
gate. The summer and autumn of 1880 show a good agreement be- 
tween computed and observed flow. The winter and spring of 1880-1 
show a large excess of computed flow, 1.4 inches of which is due to 
artificial storage, leaving an excess of 2.7 inches still unaccounted for. 
The general agreement for the whole series with the results given by 
the formula justifies the conclusion that this is either error in gauging 
or rainfall. A generally fair agreement is noted for the rest of the 
year. 


TABLE No. 37. 


Computed and Observed Flow of Passaic River. 


1 
ses ; & Ry ‘ 
Si sie a Sa Mere na aad ee cect Al as 
move. | | | BT] SI ee | ee ees) 9S | ge 
43|.8/38|/28 | 23 | oe fegll es | es 
~~ = Cay Bas eA = aed ~ — | or Dao 
Se lee | Ss lee se | eaves Se a8 
Seles |aslascl/og |os Abi] os | os 
1879-80. 
December........... 5.04) 5.04; 0.92) 0.92) 412) 4.12) full. 2.42) 2.42 
Sanuarynneese. cts 2.40| 7.44 .51/ 1.43) 1.89) 6.01) full. 3.55| 5.97 
February............| 2.72) 10.16 .57| 2.00) 2.15) 8.16} full. 2.64) 8.61 
Manchin srsecss. sevee| 4.12) 14.28 89} 2.89} 3.23) 11.39) full. 2.55| 11.16 
PAN illite Seas ceo 2.89) 17.17) 1.16) 4.05} 1.73) 13.12) full. 2.09] 138.25 
Mia alastesacetecessess .61} 17.78} 1.99) 6.04 .74| 13.86) —2.12} 1.04; 14.29 
UME scss cavionsen. 1.44] 19.22} 2.86] 8.90 31) 14.17) —3.85 82) 14.61 
Ulver taserecseece ss 7.69} 26.91) 5.31) 14.21 82) 14.49) —1.79 42) 15.03 
AUG UStiecercereesces 4,87| 31.78] 3.84) 18.05 50, 14.99] —1.26 50) 15.53 
September.......... 2.18} 33.96} 2.07) 20.12 55} 15.54] —1.70 48) 16.01 
Octoberceecs.c..s+ 1.70} 35.66) 1.08} 21.20 A7| 16.01] —1.55 .22| 16.23 
November........... 2.32) 37.98) .89| 22.09 65) 16.66] — .77 .74| 16.97 
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Computed and Observed Flow of Passaic River—Continued. 


MONTH. 


1880-1. 
December........... 
PAMUALY neces dyoeree 
MebTUuany, c.scceses-e 


1890. 


DULY iee< eteneneretcere 
PAU UStieeesmeasee seen 
September.......... 
Octoberias.cssssscas 


Monthly 
rainfall = r. 


Total 
rainfall — R. 


ats 
moO 
“I> 
oes) 


49.33 
54.48 
55.47 
58.25 
63.67 
65.52 
66.42 
67.48 
70.56 
73.68 
78.27 


2.69] 


7.28 
13.31 
15.89 
20.28 
24.83 
30.97 
35.98 
39.66 
44.86 
45.61 
49.78 


Monthly evap- 
oration = é. 


=== Dy 


Total evap- 
oration 


no 
1) 
a 
00 


23.46 
24.22 
25.21 
26.18 
27.60 
31.45 
35.01 
37,85 
39.69 
40.94 
41.91 
42.79 


54 
1.30 
2.38 
3.51 
6.26 
9.90 

14.74 
18.60 
20.98 
22.48 
23,21 
24.05 


Computed 
monthly flow =f. 


— F, 


Computed 
total flow 


R—E—F. 


ground-water 
Observed 


Depletion of 


Senn 


eeceeeees 


eee erceee 


eee enecee 


monthly fiow. 


Observed. 
total flow. 
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Summary by Seasons. 


1879-80. 1880-1. 1890. 

pli s a ee z a Mies o 

a es = ie > 3 |B S 

I Qy 4 wy Qy [a Se Q nw 

9 : Oo. i= O Oy q : Oo. 

epee se a eet ee |e ee pes 

aa} Des) || Gee a} Slee] |) SL= aa} Sis] || ics 
Wianterctscscscsces 10.16) 8.16) 8.61)! 11.35) 8.45) 5.41)! 11.45) 8.17| 7.23: 
SPUN eet cesscecess 7.62) 5.70) 5.68 8.92; 6.21} 9.84/| 18.00) 8.04) 9.03 


Dec. to May...| 17.78) 13.86) 14.29|| 20.27) 14.66) 14.75)| 24.45) 16.21! 16.26 


Summer............ 14.00} 1.13) 1.24)} 8.17) 2.05) 2.55]| 15.63) 3.91) 4.29 
PASUEULVININ sete os oes 6.20] 1.67) 1.44|) 7.26 80) 1.08]; -9.68) 5.61) 5.38 


June to Nov...| 20.20) 2.80} 2.68/| 15.43) 2.85)  3.63)| 25.33) 9.52) 9.67 


pYicatgeees: seerese 87.98] 16.66] 16.97|| 35.70] 17.51] 18.38]| 49.78) 25.73] 25.93 


In this case the summary shows a fair agreement, the estimated 
flow usually being a little less than the observed, therefore on the safe 
side. In 1880-1, which was a dry year, the winter flow is 3.04 
inches less than the computed flow, this amount being carried over in 
the form of snow and ice to increase the spring flow. The other 
years show much smaller discrepancies, but it is apparent that it is 
always possible that three inches of the theoretical winter flow may 
be carried over to the spring, even in the driest years, in northern 
New Jersey. 

We observe for all of these streams that our formula holds good 
in some remarkably trying cases. Bearing in mind what we have 
said as to accidental variations of flow which cannot be provided for, 
it will be found that in general the same range of flow, the same 
trying dry periods and heavy flows are shown in the computed as in 
the observed monthly flow. For instance, in Table No. 35, Septem- 
ber, 1882, shows 8.74 inches rainfall, yet the observed flow was but 
.58 inch. The table explains all this. No system of percentages 
would do so much. In this particular case the observed flow is 
larger than the computed, because some of the rapidly-falling rain, 
about 4 per cent., ran off over the surface. So in June of the same 
year we can account for 1.66 inches of rain and .82 inch flow in the 
face of the 2.91 inches evaporation by the fact that ground-water was 
called upon to supply 2.07 inches. 
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Another striking test of the tables is in April, 1881, on the Croton 
—1.25 inches flow for 1.24 inches rain—and again on the Passaic, in 
May, 1880. By the percentage system such cases would appear 
anomalous. Here they are intelligible. We could give many more 
illustrations, but this must suffice to explain why we have adopted a 
new departure in our methods of computing flow. 

We note a maximum depletion of 6 inches in 1883 on the Sudbury, 
of 4.98 inches on the Croton in 1881, and 5.83 on the Passaic in 
1881. Probably either water-shed may be counted upon to furnish 
something over 6 inches from ground-water in an extremely dry 
year. Evidently all are liable to droughts as severe as that on the 
Sudbury in 1882-3, at long intervals. 

As our formula was deduced primarily from these three streams, it 
would seem necessary to push our tests further to include some water- 
sheds of different mean annual temperature and different topography. 
The gaugings on the Neshaminy and Perkiomen are about the only 
ones suitable for a fair test, but others may at least be indicative of 
the probable applicability of the method. ; 


TABLE No. 38. 


Computed and Observed Flow, Neshaminy Creek. 


EVAPORATION EQUALS THAT FOR THE SUDBURY, CROTON AND PASSAIC 
MULTIPLIED BY 1.1. 


“ 
gh & Re | & ? 
Flue ers aie & ] Ss bias 
MONTH. > i ml : | Eas SE ean Sh oe 
22/92/22 | a8 | 54 | 3 ead) be | 5s 
See || Geer | er ye ERS 8) So. 1) 2 a's 
Sé|e2/S8/S5'|S8a/S8 AglIlSs1S3 
1888-9. | 
December... 3.12) 3.72, 87 87! 2.85! 2.85! full. 3.16} 3.16 
OETA Nees cerecsaes 3.61} 7.33 69] 1.66) 2.92) 5.77) fall. 2.92) 6.08 
February.........0.. 1.90} 9.23 54; 2,10; 1.86) 7.18) full. 90} 6.98 
March Seen Stee 3.37| 12.60 90) 3.00! 2.47]. 9.60) full. 2.90} 9.88 
ADE pokes ces dese: 4.83) 17.43) 1.48) 4.48! 8.385) 12.95! full. 2.07) 11.95 
MG corona sts seetsece 4.90| 22.33) 3.15) 7.63) 1.75) 14.70] full. 1.49} 18.44 
JUNE. o.cseesdsenses 5.25) 27.58) 4.19} 11.82] 1.06) 15.76] full. 1.16} 14.60 
DUN eeneerateenne ss 12.42) 40.00} 7.89] 19.21) 5.03] 20.79] full. 5.47| 20.07 
ANIGUSL eens scocesers 4.75) 44.75) 4.19) 23.40} 1.18} 21.97) —.62| 3.37] 93,44 
September ......... 856] 53.31) 3.67) 27.07; 4.27} 26.24! full. 3.51) 26.95 
OCtobercsessscaceste 5.09} 58.40) 1.64} 28.71} 38.45) 29.69] full. 2.55| 29.50 
November ....5..1. 8.53| 66.93| 1.66! 30.87] 6.87) 36.56] full. | 6:31] 35.81 
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Computed and Observed Flow, Neshaminy Creek—Continued. 


T 
ya . ce Ry ; 
oe Re PARP. | ee || 9 
BOE ey ie elelee Vals pi Bee 1S BAN ce | nee 
22 |g2|35/s2| 22 | 22 SEL) b3 | = 
68/88) Se /28 | 28 | Be S35] 28 | 2s 
SEl(eHs |SS5/HS/OR8 | 58 alll og | os 
1891-2. 
December .......... 419| 4.19 92 92\0 3:27) 3:27 \— full, 8.02! 3.02 
PANUATV escesccessess 5.09] 9.28 86} 1.78} 4.23) 7.50) full. 514) 8.16 
IM@DTUATY:..2<.0css5s. 1.06} 10.34] 1.46) 3.24 78) 8.28; —1.18 97) 9.13 
Mar ohiianescosecwesies 4.138) 14.47 98} 4.22) 1.97} 10.25] full. 3.56, 12.69 
BATU Weetcacssesoeess 2.24; 16.71; 1.20) 5.42) 1.04) 11.29) full. 1,03), 13-72 
DYpacesseeas vacsesces 5.88] 22.54) 3.384) 8.76) 2.49) 13.78) full. 1.28] 15.00 
SUTOlectecese samen eaey 3.38] 25.92) 3.67) 12.43 82) 14.60) —1.11 .57| 15.57 
liveencseeess's eenaeen 4.83} 380.75} 4.78} 17.21 384! 14.94) —1.40 .08| 16.10 
PATS UStyance. ccctes ces 3.37| 34.12) 3.81) 21.09 19} 15.13} —2.10 20) 16.80 
September.......... 2.59| 36.71} 2.36) 23.45 10} 15.23) —1.97 10} 16.40 
Octoberte:..scoceses 40) 87.11} 1.02} 24.47 04) 15.27) —2.69 04) 16.44 
November.........- 7.14| 4425) 1.51] 25.98] 3.00) 18.27] full. 1.76| 18.20 
Summary by Seasons, Neshaminy Creek. 
1888-9. 1891-2. 
ro c fs 3 
= 2 3 = 2 3 
& a, © & a E 
3 Bie ea ‘a ce pet 
(aa Og Og ae} Og Or 
MWillntOneatevec cases settles 50 9.23 7.13 6.98 10.34 8.28 9,13 
SPEUMO Ue ceseaccarssscsacteese 13.10 7.57 6.46 12.20 5.50 5.87 
December to May...|| 22.33 14.70 13.44 22.54 13.78 15.00 
Summers. s.ccce sass esesses 22.42 OMe 10.00 11.58 1.36 TeX) 
PAUIPUIINGreeteecencesecceccses 22.18 14.59 12:37 10.13 3.18 1.90 
June to November...|| 44.60 21.86 22.37 lanl 4.49 3.20 
PCA ccsccccssnisnsesscee 66.93 36.56 35.81 44,25 18.27 18.20 
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TABLE No. 39. 


Observed and Computed Flow, Perkiomen Creek. 


EVAPORATION EQUALS THAT FOR THE SUDBURY, CROTON AND PASSAIC 


MULTIPLIED BY 1.1. 


MONTH. 


1886-7. 
“December........... 
SAMUALY coe ssc es 
Iebrilaryte.saccds<s 


OMG Merce ses ter cnn ss 


1887-8. 


‘Monthly 
rainfall 


W605 


rainfall — R. 


Total 


3.76 

8.31 
13.95 
16.95 
19:79 
21,64 
27.51 
36.14 
38.90 
42.54 
43.98 
45.59 


52.24 
57.25 
61.33 
66.48 
69.91 
73.07 
74.69 
77.46 
85.48 
92.84 
96.25 
99.67 


é. 


Monthly evap- 
oration = 


5.09 
3.41 
1.29 
1.10 


== 15; 


Total evap- 
oration 


31.27 
34.02 
37.21 
41.42 
46.51 
49.92 
51.21 
62.31 


Computed 
monthly flow —/. 


= 15) 


Computed 
total flow 


2.88 

6.64 
11.33 
13.47 
15.05 
15.79 
16.39 
18.42 
19.08 
19.54 
20.08 
20.58 


25.03 
29.19 
32.49 
36.54 
38.64 
39.74 
40.14 
40.38 
40.64 
42.92 
44.04 
46.36 


Depletion of 
ground-water. 


Observed 
monthly flow. 


2.46) 


Observed 
total flow. 


* Corrected for one inch of rain which went to make up deficiency of previous year. 


WATER-SUPPLY. 95 


Summary by Seasons, Perkiomen Creek. 


1886-7. 1887-8 
= 3 3 I 3 S 
Sere | en ee |. os 
oe ae 3 E ae 
re oon ioe es oa Se 
ater INGe Scenes 13.95 | 11.33 | 10.66 |] 15.74 | 11.91 | 10.20 
Spring 7.69 46 5.00 || 11.74 7.25 9.47 


December to May.....| 21.64 15.79 15.66 27.48 19.16 19.67 


SinmaMmer easesecsccac cesses ose 17.26 8.29 4,26 12.41 90 217 
Autumn 


Nicatersrsecseconsesees 45.59 20.58 21.87 54.08 25.78 29.24 


I do not give an example from the Tohickon. Its ground-flow is 
practically the same as the Neshaminy, which it closely resembles in 
the dry seasons. Its gaugings in winter show abnormally heavy 
flow, indicating uncertain data either as to rainfall or flow. A rule 
which will apply to the Neshaminy applies equally well to this. 

The computed flows of the Neshaminy in 1888-9, a very wet year, 
agree well enough for the total, with some marked discrepancies at 
times which appear to be due to rainfall running off without filling 
the ground. It is a peculiarity of the red shale soil that it sometimes 
becomes baked by the sun in summer, and at such times a highly- 
concentrated rainfall may run off without “ filling the springs,” as 
the ordinary phrase expresses it. In such cases the ground-water 
must be replenished by the later rains, and the theoretical and actual 
flow will again come together. For the average year of 1891-2 the 
results are on the safe side, and show the same general range as the 
observed flows. For the Perkiomen the results are in all cases on 
the safe side for the two consecutive years, 1886—7-8. Indeed, it 
will be found that generally the errors of the formula are on the side 
of safety. It is not safe for the engineer or millwright to depend 
upon flows which may be called accidental, due to concentrated rain- 
fall, low summer temperature or perhaps heavy local showers not 
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recorded by the rain-gauges. It is the regular, steady flow result- 
ing from a steadily-falling rain, or from ground-water flow, which is 
useful to them. 


TABLE No. 40. 


Computed and Observed Flow, Potomac River. 


EVAPORATION EQUALS THAT FOR THE SUDBURY, CROTON AND PASSAIC 
MULTIPLIED BY 1.1. 


7 
S| Mex : Ry s : 
cil see ee isl sane 
MONTH, > il < I} el | Be 3 E a ee 
sa |_2|a2|28| ea |e | =e | es | 6s 
SA so) Seles (ies lee [oo | 2 eleee 
SAS las Ascl(Aas (ome |OS!Ahm|/ oO 1O8 
1886-7, 
December........++ 2.60} 2.60 73 wo Sil 18h. folly 1.14) 1.14 
ANUBTYioctasces- eee 2.38] 4.98 55, 1.28) 1.83} 3.70) full. 1.27) - 2.41 
February............, 3.88) 8.86 .75| 2.08} 3.13] - 6.83) full. 2.28| 4.69 
IMarclivesssscsucesss0 2.86) 11.72 83! 2.86) 2.03] 8.86) full. 2.84) 7.53 
Anprileccessesestsece 3.56] 15.28) 1.383) 419) 2.23) 11.09! full. 1.42} 8.95 
Mayjiccsescssestecssrs 3.51} 18.79) 2.77| 6.96] 1.30} 12.89 56] 2.62] 11.57 
JURMG)ieessescterses ss 4.44) 23.23) 3.90! 10.86 (6) 13.15 .78| 1.43) 13.00 
Dal yynnscesesase ee ..| 5.04) 28.27; 4.87) 15.78 YO), kesctsy| als .64| 13.64 
AU GUSE ciecsesseesae 2.17) 30.44} 3.42) 19.15 42} 14.27) 2.98 .87| 14.01 
September ......... 3.58] 34.02} 2.54) 21.69 .80| 14.57; 2.24 .87| 14.38 
Octoberai.c<.seeses 1.21) 35.23) 1.11) 22.80 84) 14.91) 2.48 .30| 14.73 
November.......... 1.17| 36.40 84) 23.64 82} 15.23) 2.47 33] 15.06 
1887-8. 
December .......... 3.23} 39.63 81} 24.45 45| 15.68 50 .58| 15.64 
VANUATYAeerteseeee 8.27| 42.90 66] 25.11) 2.11) 17.79) full. LesoeLOwd 
February ........... 2.71| 45.61 .63|} 25.74) 2,08) 19.87] full. 2.70) 19.67 
Marchese. serse<sse< 3.68! 49.29 .93! 26.67) 2.75! 22.62) full. 3.01] 22.68 
RAND rill ireses lascsenses 2.01} 51.80) 1.18] 27.85} 1.86] 23.98 538} 1.82} 24.50 
UMiGiypenctt soncsesseces 3.71) 55.01] 2.87) 30.72 92) 24.90 461) > ad 25:61. 
JUNC iascocesceasetss 8.40} 58.41] 28.68) 34.40 60) 25.50! 1.49 .88} 26.49 
Mllivgatteisenres scott 3.6&| 62.06} 4.42) 38.82 86} 25.86] 2.62) 1.94] 28.48 
PA SUBbasscewanes soos 4.78) 66.84) 4.10) 42.92 .02| 26.18) 2.26 1! 28.94 
September.......... 5.34] 72.18) 2.97| 45.89 49) 26.67 38} 1.70] 30.64 
Mctoberisecccce:s 2.74| 74.92! 1.33) 47.22) 1.36) 28.03 (so .74| 31.38 
November..........1 3.09] 78.01! 1.07] 48.29} 1.69) 29.72) full. 1.66] 33.04 


December to May...... 


SUMMIT eaeaceantescescececeses 
PAUIUUIMN secesccteeseseteseuncses 
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Summary by Seasons, Potomac River. 
1886-7. 1887-8. 
= = > 1 = > 
ime) ella al ee 
mI RQ “4 nm 
ca Se | og re Se | o8 
8.86 6.83 4.69 9.21 4.64 4.61 
9.98 5.56 6.88 9.40 5.03 5.94 
18.79 12.39 11.57 18.61 9.67 10.55 
11.65 1.88 2.44 11.83 1.28 3.38 
5.96 96 1.05 Talay 3.54 4.10 
17.61 2.84 3.49 23.00 4.82 7.43 
36.40 15.23 15.06 41.61 | 14.49 17.98 


With the exception 
the summer of 1889, 


Potomac seem to come under the rule very well. 


of the winters of 1889-90 and 1890-91, and 
which show such questionably large flows in 
proportion to rainfall that I have disregarded them, the series on the 


The above are the 


driest years. 1886-7 shows an excellent agreement throughout. 
1887-8 shows a considerable excess of observed over computed flow 
in July and September, which may be due to heavy local rains not 
shown by the rainfall records. Undoubtedly, our formula applies 
here within safe limits, and gives results as large as any conservative 
hydraulic engineer would dare to apply to actual practice. 
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TABLE No. 41. 


GEOLOGICAL SURVEY OF NEW JERSEY. 


Observed and Computed Flow, Connecticut River. 


EVAPORATION EQUALS THAT FOR THE SUDBURY, CROTON AND PASSAIC 


MULTIPLIED BY .9. 


MONTH. 


1874-5. 


oan ances coeeseces 


Doce cen seeccs 


November.......... 


1876-7. 
December........... 


cee eresonee 
oer eceecvee 


Peer eres scsees 


Monthly 
rainfall = r. 


T 
. fom 
Ses] & 
a pete vee 
ae oS 
as | Be hes | ee 
Sea os | 68 5° 
BE l|aS5/85/08 
1.82 54 54) 1,28 
5.22 05) 1.09} 2.85 
8.17 04! 1.63] 2.41 
11.35 MOA DB PEG 
13.89) 1.01) 3.86) 1.58 
Oe aee Ul OL03). 44: 
21.93) 3.33) 8.96) 1.32 
25.48) 3.65) 12.61 ‘ 
30.27; 3.45} 16.06 é 
33.30} 2.02} 18.08 f 
37.76] . 1.28] -19.386] 2.45 
40.83 .88! 20.24) 2.19 
3.88 AUK Se | Hiss 
6.42 CATH el 20a 2.07 
7.04 Si) 2 lds ala! 
12.20 .90} 2.48) 3.41 
14.55 O94 2 ol 62, 
15.81; 1.91) 5.33 
20.73} 3.36) 8.69] , 
96.74) 4:32) 13.01) 1.00 
30.06) . 3.11} 16.12 | 
31.44 1.72} 17.84 j 
37.62} 1.46] 19.30) 2.62 
42.76! 1.05] 20.35} 4.09 


Computed 
total flow = F. 


1.28 
4.13 
6.54 
9.00 
10.53 
11.97 
13.29 
14.22 
15.08 
15.95 
18.40 
20.59 


3.15 
§.22 
6.36 
9.77 
11.39 
12.23 
13.00 
14.00 
14.96 
15 70 
18.32 
22.41 


Depletion of 
ground-water. 


Observed 
mouthly fiow. 


Observed 
total flow. 


~I 
lor) 


1.48 


4.68 
10.82 
15.51 
17.01 
17.98 
19.33 
20.07 
21.22 
22.95 


Oe 
> 
nS 


72 
1.46 
2.24 
6.16 

10.80 
12.71 
13.59 
14.66 
15.63 
16.39 
17.73 
20.92 
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Observed and Computed Flow, Connecticut River—Continued. 


T 
ie’ : & : . 
Sere ecole OE icons 
o Ss 
uors, | I} OU) ei | Eu) ee | ge | eel esl se 
Qo | ebss 28! ee | Se) 55) ee | ee 
Be) Se) SE | SE | 28 | 8S | EE) BE] Se 
SEI(BEIAS|RESIORAIOLS |ARl/OR1OR 
1877-8. ; 
1.44) 44.20 .50| 20.85 94} 23.35) full 1.95] 22.87 
3.20) 47.40 .53; 21.88) 2.67} 26.02) full 1.26) 24.13 
2.56] 49.96 51} 21.89, 2.05) 28.07) full 2.06} 26.19 
2.23| 52.19 63) 22.52 1.60) 29.67) full 3.67| 29.86 
7.52) 59.71; 1.46) 23.98} 6.06) 35.73) full 5.21} 35.07 
2.64] 62.35} 2.16) 26.14) 1.22) 36.95 74, 3.59] 38.66 
4.79| 67.14) 3.83) 29.47} 1.06} 38.01 34! 1.51} 40.17 
3.29] 70.43) 3.59) 33.06, 86} 38.87} 1.50 .87| 41.04 
4,23} 74.66} 3.380) 36.36 .66) 39.53) 1.23) 1.12) 42.16 
2.34| 77.00} 1.89) 38.25 .77| 40.30) 1.55 84! 43.00 
2.34) 79.34) 1.04! 39.29, .78| 41.08} 1.03 .80} 48.80 
4.11} 83.45 .96| 40.25 2.12) 43.20) full. 1.81| 45.61 
Summary by Seasons, Connecticut River. 
1874-5. 1876-7. 1877-8. 
ee evtecc emi: aleaahenit 
& 24 =) & Qy t=] & 24 ~ 
Sees ee ecW cae heist | ae 6 oes ye eiEo eB 
isa} Ong | Og aa Bes} | r= ae} Om | Og 
VINER cc verccc see 8.17) 6.54 2.62 7.041 6.86} 2.24 7.20| 5.66! 5.27 
PSPULOTNE eoosodococac: 8.96] 5.48) 12.89 8.77| 5.87) 10.47|| 12.39} 8.88} 12.47 
Dec. to May...) 17.13) 11.97) 15.51)| 15.81} 12.23) 12.71)| 19.59, 14.54] 17.74 
Summer............| 13.14) 3.06} 3.82/| 1425) 2.73) 2.92)| 12.31) 2.58 3.50 
PAULUIND scsses sv'scs 10.56} 5.56; 3.62]| 12.70) 7.45) 65.29 8.79| 3.67) 3.45 
Jan. to Noy....| 23.70 8.62. 7.44|| 26.95) 10.18} 8.21]} 21.10) 6.25) 6.95 
DV Galsrcsessesesss 40.83} 20.59 22.95|| 42.76) 22.41] 20.92|| 40.69} 20.79| 24.69 


In the Connecticut, as in the Potomac series, there are some periods 
of six months in which a mere inspection shows the flow to be much 
too large in proportion to the rainfall shown by available records. 
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The following are examples from the Connecticut series : 


1872-8... 0000000 December to May........... Rainn Si0Ste eee: Flow, 21.83 
NST Baar rerecsss a BO esa ccs EP 20 2ASS co acss os “24.07 
1875-6.....-00006 # 6 UN oenct none SSOP ZO coos noses 25.5 


Such discrepancies cannot be reconciled, and are so clearly due either 
to some discrepancy in gauging or to insufficient rainfall data that we 
have thrown them out. Clearly they are unsafe guides to any 
knowledge of the real relation between the flow of the Connecticut 
and the rainfall upon its water-shed. 

The other discrepancies above shown are generally explainable. 
Thus during the first half of 1874-5 and 1877-8 there were prob- 
ably snow and ice carried over from the autumn before. Indeed, the 
autumn flow of 1877 shows that such was the case. In general, 
there are enough points of coincidence between computed and observed 
flows to at least strongly suggest that with data as good as we have 
for the Passaic and Sudbury the agreement would be equally good 
for the Connecticut, excepting for the fact that there is a much larger 
holding back of the flow in the form of snow and ice. The carrying 
over of winter flow into spring, and even June, on this stream is well 
illustrated by the daily-flew diagrams of the stream given in the 
appendix. 


General Conclusions. 
The result of our analysis, therefore, may be summarized as follows: 


1. All streams are outlets for surplus waters not evaporated or 
drawn up to support vegetation. 

2. Evaporation is mainly affected by the temperature of the atmos- 
phere, and such temperature is the principal cause of variation in the 
total run-off of streams. Difference in the character of vegetation 
upon the water-shed will produce lesser differences in flow, which are 
scarcely appreciable for such a range of conditions as we have pre- 
sented by the water-sheds under consideration. 

3. The dry-weather flow of a stream is mainly affected by the flow 
from ground-water. 

4. When rain is less than evaporation plus stream-flow, the defi- 
ciency is made up from stored ground-water, which may at times sup- 
ply the equivalent of six inches of rain, but the larger the amount 
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thus supplied during dry seasons the larger the deficiency to be made 
good from subsequent rains; consequently, a larger dry-season flow 
does not mean a larger total run-off. 

5. The distribution of flow has little to do with the total yield of a 
water-shed, and our analysis does not seem to warrant the common 
conclusion that such yield varies from 80 to 90 per cent. for steep, 
mountainous water-sheds to 45 or 50 per cent. for flat, cultivated 
lands and prairies. We do find a greater percentage of yield from 
colder water-sheds and for heavy rainfalls, and believe that it is 
due to the fact that the conditions of heavier rainfall and cooler air 
usually obtain in mountainous countries that this theory has gained 
credence. 


For dry years, however, our theory of flow explains and agrees 
with the best engineering practice. Actual experience has resulted in 
hydraulic engineers adopting between 15 and 11 inches as the avail- 
able total run-off of streams in this region in dry years. Let us take 
the driest years of our different streams and see what they teach: 


Flow 
Observed Computed by 
Stream. Year. Rainfall. Flow. Yearly Formula. 

SW OWT Seciccoocdécdeodonber 1882-3 31.55 11.40 11.00 
CrGtoneerecscetesesncccascees 1879-80 37.61 14.78 16.09 
PASSAIC sh eeeccescescrestsceees 1879-80 37.98 16.97 16.15 
Neshaminy...........0.c0+ 1891-2 44,25 18.20 19.41 
Perkiomen............s2+0+ 1886-7 45.59 20 37 20.52 
Connecticut ..........5..00. 1876-7 42.76 20.92 22.65 
IPOVOMAG eectoocecrecece ies 1886-7 36 40 15.06 12.95 


The differences here shown between the computed and observed 
flows are mainly due to draughts upon ground-water, causing an excess, 
or to depleted ground-water at beginning of year, causing a deficiency 
in observed flow. Our comparison of observed and computed flows 
by months shows this in detail. What we wish to impress upon the 
reader is that there is every reason to expect from the above that any 
of these streams would show as small, or a smaller, flow than the 
Sudbury with an equally light rainfall. Therefore, if the rainfall 
upon their water-shede is likely to fall as low as 31.55, their mini- 
mum flow will be 11 inches or less. Our rainfall records show that 
such a low rainfall is likely to be reached at long intervals, and that 
consequently we may expect a minimum of 11 inches flow upon the 
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Sudbury, Croton and Passaic, of 9 inches on the Neshaminy, Perkio- 
men and Potomac and 13 inches upon the Connecticut water-shed, at 
least upon portions of their water-shed not larger than the Sudbury 
drainage area, or about 75 square miles. We are inclined to the 
opinion that these extremely light rainfalls are usually local, and 
therefore that larger water-sheds are rarely subject to a less annual 
rainfall than about 35 inches in the New England and Middle States, 
corresponding to a flow of 12 inches for the Perkicmen, Neshaminy 
and Potomac, 14 inches for the Passaic, Croton and Sudbury and 16: 
inches for the Connecticut. 


Maximum and Minimum Flow. 


Thus far we have not touched upon the question of the relative 
steadiness of flow of different streams. The monthly flow which we 
deduce by our formula will give a very good idea of the value of a 
stream for water-supply or water-power. In general, the larger the 
ground- flow the steadier the stream as to daily variation of flow. The 
diagrams of daily flow which we give in the appendix are also guides 
to the characteristics of the several streams. The next point of im- 
portance for industrial purposes is the maximum and minimum flow 
of the streams. We cannot do better than give for this purpose a 
collection of the observed maxima and minima expressed in cubic feet 
per second per square mile of water-shed. Such a table will enable 
one to judge how great flood- flows must be provided for, and how low 
the flow is likely to fall for a few of the driest days of a great drought. 
It will be useful for comparison as we take up the several streams. 
of the State in detail. 


RIVER. 


Merrimack ...... 
Merrimack 


Concord. ....-..) 


Sudbury........... 


Charles...... deena 
Hale’s Brook, 
Mass........ 


Connecticut..... 


Connecticut .... 


RamMapo........0+ 
Wanaque... 


Pequannock....| 
Pequannock.... 

Rockaway. 
Rockaway. 
Passalc.... 
Passaic .... “ 
PASSAIC’ cvacavsesss 


Passaic '...ccesscses 


Passaic ......c00.0. 
Hackensack .... 
Hackensack. 
Raritan. 
Raritan. 
Delaware.......... 


Musconetcong.. 


\ 
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Greatest and Least Flow of Streams. 


PLACE, 


NEW ENGLAND, 


oO wellscstecsesss 
Lawrence......... 


LOWEIL..csscccosees 


|Framingham ... 


Newton Upper 
Mall si crocs useeee 


‘Hartford 


Dartmouth 


NEW YORK, 


NEW JERSEY, 


Pompton. 
Pompton.......... 


% 


Pompton.......... 
Macopin Int’ke 
Dover. 


soe| BOONTON. ..00cceeee 
...|Chatham ......... 
oor | PALETSODccocncees 


Paterson 


New Milford.... 
Bound Brook... 
Bound Brook... 
Stockton..... 
Finesyville......... 


Drainage area, square miles. 


S 
&R 


4,599 
361 


78 
215 


24 
10,284 


3,287 


EXTREMES OF 
FLOW. 


| Maximum cubic feet 


| per second. 


1,96 


Minimum cubic feet 


per second. 


1,275 
1,400 
59.84 


2.80 


44), 


3.24 
5,219 


1,006 


130 


50.80 
0.407 


seceeesor 


seeceoses 
peoeceene 


weoeceres 


195 


150}. 


seoneeves 


pesceeoar 


eoevcevee 


Maximum cubic feet per 
second per square mile. 


see cvoees 


devcoeves 


~eoseeres 


59.3 


12.8 


Minimum cubic feet per 
second per square mile, 


0.31 
0.31 
0.17 


0.036 


-| 0.20 


0.185 
0.510 


0.306 


0.165 


0.150 
0.020 


0.14 
0.17 


AUTHORITY AND REMARKS, 


Lakes and artificial reser- 
voirs. Wooded. 

Lakes and artificial reser- 
voirs. Wooded. 

C. Herschel, Stream slug- 
gish and swampy. Few 
woods. Hilly and rolling. 
Some reservoirs. 

A. Fteley. Hilly and 
Swampy. One-sixth to 
one-eighth wooded. 

J. P. Kirkwood. Hilly and 
rolling. 

J. P. Frizell. 

T.G. Ellis. Numerous lakes 
and artificial reservoirs. 
Wooded, Mountainousin 
parts, 

C. Herschel. Numerous 
lakes and artificial reser- 
voirs. Wooded. Moun- 
tainous in parts. 

H. Loomis. Report New 
York Committee Public 
Works, 1879. 


J. J. R. Croes and G, Ww. 


Howell. 

J.J. R.Croes. Very broken 
and undulatory. Hills 
steepandrocky. Largely 
wooded. Little culti- 
vated. 


Minimum, October, 1892 


..|Observed maximum, Actual 


probably as high as Ram- 
apo. 


. Clemens Herschel, Oct. 1892. 


From run of mills. 

Croes & Howell, Oct., 1875. 

L..B. Ward, September, 1883. 
This flow is occasionally 
not exceeded for more 
than two weeks.—C. C. V. 


“|These last two maxima 


September, 1882, 
C. D. Ward. 
C. B. Brush. 
Minimum by Ashbel Welch. 
Oct. 18th-19th, 1892,—C. C.V. 
Minimum, September, 1881. 
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Greatest and Least Flow of Streams—Continued. 
a EXTREMES OF 
a FLOW. 
q &..| 6 
a Ag | ag 
2 re <=) Se) || eat: 
3S 2 o o ey 
She Meetoaee 
a 2 Se tecticd loves 
RIVER. PLACE. = eS) 8 25 | ‘55 | AUTHORITY AND REMARKS. 
£ 5. pS ee! Be 
5 Sigs Ey 
® | #8 | 28 | 28 | 28 
Se aee se des | ee 
s ay | fs | 8 | 88 
QA aa |/aalae | ae 

Musconetcong..|/Saxton Falls.... 68.0 L080 ete asees LO OU Ne osetecs ; 

Paulinskill...,...|Hainesburgh....| 174.8 ,126| 29.0 | 23.0 |0.170 |Least in 1890, 

Paulinskill.......] Paulina ...........| 126.0 sescoeee| 17.0 ]o-++0000-/0.180 | From run of mill in 1881. 

Paulinskill......./Stillwater......... ae Roles ...|From run of mill in 1881, 

Paulinskill.......|Balesville......... From run of mill in 1881, 

Jacksonburgh ez 

braneh\......... Jacksonburgh.. MB ewssvecees From run of mill in 1881, 

Swartsw’d lake 

outlet............ Swartsw’d lake] 16.0 1,070 

Pequest.. .|Belvidere ........ 158.0 1,996 

Pequest Townsbury...... 83.4 800 Minimum from run of mill. ? 

Pequest Tranquility ..... 84.8 650 

Pequest..... Huntsville... 31.4 605 

Pequest,...........; Allamuchy p’d. 17 40 

Pequest....-.......|Hunt’s Pond.... Ley 43 

Great Egg Har- 

bor. .....-........|May’s Landing | 215.8 4,756] 59.0 ' 

Maurice River.) Millville ......... 218.0 | sesscencess 85.0 |... 0.890 |Minimum probably not 

greater than the Great 
. Egg Harbor without stor- 
PENNSYLVANIA. age. 

Tohickon.........|Point Pleasant.| 102.2 5,546} 0.21) 54.3 |0.001 Annual Reports of Chief 

Neshaminy .....|FOrkS.........0000« 139.3 5,767} 1.26) 41.4 |0.009 Engineer of Philadel- 

Perkiomen...... Rrederick, ..s0<. 152.0 §,305 oe 34.9 |0.05 phia Water Department. 

3 0.17 
Schuylkill....... Philadelphia.... 1,800 tees GO} ccsueeess to 
378 0.21 |E F. Smith and H. P. M. 
Birkinbine. Hilly and 
rolling, Nolakes, Some 
: reservoirs. 

ONTO Rn sctecesascace Pittsburgh........ 19;900|eissseceeens 2; Loli ercsesces 0.114 |J. H. Harlow. Hilly and 

mountainous, No lakes, 
SOUTHERN. Wooded. 

Potomac...........|Cumberland..... 920} 17,900 25| 19.46/0.022 |W. R. Hutton and Patterson. 
Narrow valleys. Steep 
slopes. Wooded. No lakes, 

Potomac..........|Dam NO, Bisco 4,640+| 92,772) 363) 22.15]0.0783/Quoted by W. R. Hutton. 
Narrow valleys. Steep 
slopes. Wooded. No lakes. 

Potomac........../Great Falls.......! 11,476 175,000} 1,063) 15.25'0.098 |W. R. Hutton. Country 

l ; more open. No lakes, 

Rock Creek....../Hoyle’s Mill..... 64.40) ccc cescccent 7-00 |cseccees 0.114 |Quoted by W. R. Hutton. 

Kanawha......../Cha’ston Pool...| 8,900 120,000} 1,100 13.49,0.123 Gill, Scott and Hutton. 

: Mountainous. Steep. No 
Greeenbrier..... |Mouth of How- lakes. Wooded. 
ard’s Creek... BION Ee seseee Ee Oi7i|leaveastes 0.120 |McNeill. Mountainous. 
Shenandoah,...,Near Port Re- Steep. No lakes sWicoded. 
PUDLIC., vcccscess BIO) ccsceruoen 12S | ceasesres 0.167 |James Herron. Hilly. Lime- 
stone. No lakes. Many 
i springs. 

JAMES..,...-..s000| RICHMONA «2... O;S00 lie ncceeeens 15300 hescscees 0.191 |E D. Whitcomb and W. &. 
Cutshaw. Mountainous 
in upper part. No lakes, 

N é Wooded. 

CUSE ......0.4444..| Near Raleigh... TiQ00|eesvonsceete seeaserer| eoeeeeees/0.193 |W. C. Kerr. Low water. 
Open. Clay and loam. 
No lakes. Few extensive 


woods. 
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The maximum flow of a stream is affected by the steepness of 
slopes of drainage area and the length and distribution of the branches. 
A long, narrow drainage basin, with short branches well distributed 
along the main stream, like the Musconetcong, will give a much 
smaller flood-flow than one nearly round with several large branches 
focusing into one center, like the Raritan. Again, such a water- 
shed as the latter may have great flats bordering the streams over 
which flood-waters spread and are delivered gradually to the lower 
stream, like the Passaic. These facts make it impossible to classify 
the streams according to volume of flood-flow. The least flows, 
however, are affected almost entirely by the ground and surface-stor- 
age facilities of the drainage areas. We may compare these flows in- 
telligently. Let us separate the above streams into classes, according 
to size of drainage area. 


TABLE No. 4s. 


Drainage Areas of From O to 200 Square Miles. 


Minimum Flow. 
Drainage Area, Cubic Feet per Second per 


Stream. Square Miles, Square Mile. 
URDU VAsee soscce cer ssseceesnes sess 78 .036 
iale/s Brooks. ....tssecsessesosssoee 24 135 
Croton, West Branch..........0++ 20 .020 
Rama pOws nese scssssesescosser essa. 160 140 
PRE QUAN OCKaessersesceassesne sectors 63 .130 
Pa mlingkilleecsecsecsccessesccescsces 126 .130 
PPSOUIES Uns cesar aaeseseece ser teeieesces 83 170 
PLObICKOMte. cs. su eats Meee eoanecesenee 102 001 
iNeshaniliyecrccswccerectteescr ses 139 .009 
Per ktOMmenewec tends obecscaccnses 152 .050 
Mocks Creek wncctcecsscoscsssccncss 64 114 
FV ACKENSACKR reeseessesscccecnce ss 115 .190 


Drainage Area, 200 to 2,000 Square Miles. 


Minimum Flow. 
Drainage Area. Cubic Feet per Second per 


Stream. Square Miles. Square Mile. 
COncords..s56005. Bbautet tee ssccswses 361 170 
Wharlesteracseclnssevessteaee sos secsss 215 .200 
FETOUSATONECrasaes sececeetes tess castes 790 165 
MOnObOIM er. craneseeestsccessseseecssses 339 150 
IPASSAICHO. cosseaticessasecesesercecoes 797 170 
SCHUYI Killa sssacctescssenscercosse 1,800 .170 


PRailtailecarstescisensterenssusoctsscs 879 .140 
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Minimum Flow. 


Drainage Area. Cubic Feet per Second per 
Stream. Square Miles. Square Mile. 
otomacics-nvacsesvteccsvesecssrsess 920 .022 
Greenbriérs.sscmsestescsenccecerseses 870 120 
Shenandoahhtescrccsccsccccessssvecs 770 167 
INGUSCsecececoiacesccatssecssecareanes 1,000 193 
Great Egg Harbor........scecerese 216 .270 


Drainage Area over 2,000 Square Miles. 


Minimum Flow. 


Drainage Area, Cubic Feet per Second per 
Stream. Square Miles. Square Mile. 
Merrimackivaiveccssectecacesesecssns 4,599 810 
@oOnnNeCtiClitissensccccereseecdete ons. 10,234 306 
DElAWALG scacetswcsstoecedeeastsssors 6,790 170 
(O) 9h os Res aeccenaaoe ocodticoncoctsdgoo 19,900 114 
POLOMACsasecce coreemerasesecaces sass 4,640 .078 
Kanawihatecsrcsescescssecnvoetesese 8,900 123 
JATNCH zc cess enese so sesisensasenesse% 6,800 191 


Of the first group of smaller streams it should be noted that on 
streams of this size the absolute minimum may be zero. The flow 
may be easily reduced at times to nothing by the temporary holding 
back of the flow in some mill-pond or reservoir, and always, from 
such causes, it is difficult to determine the natural minimum by ob- 
servation. We believe that this is partly the reason for the wider 
variation of minimum flow noticeable for the smaller streams, although 
of course small drainage areas will also differ more in the yield from 
ground-water than larger ones. The Sudbury minimum flow would 
seem to be abnormally small for a stream of its class. It is notice- 
able that the Croton west branch is also low in its minimum. The 
first seven streams, together with Rock creek, belong to a class of 
hilly or mountainous drainage areas of a type generally resembling 
our own Kittatinny valley and Highland regions. They show a 
minimum ranging from .020 to .170, with a strong probability that 
the natural minimum ranges between .10 and .15 for such streams. 

The Tohickon and Neshaminy are representative of the red sand- 
stone region, the streams of which are of known low dry-season flow, 
and it is probable that .009 fairly represents the minimum of streams 
of about 100 square miles water-shed of this type, while smaller 
streams of high channel slope and shallow valleys sometimes entirely 
dry up. 


ew > abies 
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The Perkiomen drainage area is of a mixed character, lying partly 
upon the gneissic hills and partly upon the red sandstone plain. 

The Hackensack represents the red sandstone plain north of the 
terminal moraine. The glaciated portion covered with sand, gravel 
and boulder earth, and incidentally more forested. 

The next group of streams show less variation in minimum flow, 
the drainage being large enough to make them less susceptible to arti- 
ficial interference. The first seven of these belong to the same class 
with our Highland and Kittatinny valley drainage areas, and range 
between .14 and .17. 

The Great Egg Harbor is a type of southern New Jersey streams 
with flat, sandy water-sheds. The Raritan is a mixed type, having 
275 square miles of Highland water-shed, 100 square miles of sandy 
plain and the remaining 504 square miles being red sandstone, with 
but one smal] lake upon the whole. 

Allowing .27 for the sandy and .17 for the highland portion, we 
have for the red sandstone portion of the Raritan drainage .11. The 
results of our other gaugings show this to be about the correct mini- 
mum. The smaller water-sheds of this red sandstone region are 
quite variable in minimum yield. 

Of the southern streams, the yield of the Upper Potomac is 
remarkably low for a water-shed of the size. The Shenandoah and 
Neuse seem to agree with the first seven streams, while the Greenbrier 
is also below. It is probable that the normal minimum is lower than 
for the same class of drainage areas further north, ranging perhaps 
from .12 to .17. 

The third class, including only the larger streams, seem to show a 
. decrease of minimum flow generally corresponding to increase of 
mean temperature. The Delaware probably represents a safe mini- 
mum for this class for New England and the Atlantic slope of the 
Middle States, as the value given is more likely to be the true mini- 
mum than that of either the Merrimac or Connecticut. The latter, 
especially, probably at times approaches a minimum of .25. This is 
believed to be the lowest point reached by the Delaware during the 
past 60 years. 

Because of lighter rainfall and greater evaporation, the Ohio shows 
a lower minimum and the Potomac still lower. It may be fairly 
assumed that at times the Kanawha and James will approach the 
Potomac minimum. We cannot follow the above figures safely with- 
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out taking into account the relative weight to be attached to the 
several values given, and this we have attempted to do in our present 
discussion, as well as throughout this report. 


APPLICATION OF FORMULA TO NEW JERSEY STREAMS. 


Thus far we have based our work upon gaugings extending over 
long periods and of known fair accuracy. We know of no more pro- 
lific cause of error in discussion of stream-flow, its variations and the 
causes thereof, than reasoning too far from meagre data. We have 
consequently included but one of our New Jersey series of gaugings 
in our general discussion, viz., the seventeen-year series on the Pas- 
saic, one which will compare favorably in length and character with 
any of those used. Nevertheless, we shall now find our shorter 
series most useful in corroborating our conclusions, and indispensable 
in fixing the minor characteristics of the several streams. We have 
deemed it best to introduce these gaugings at the beginning of the dis- 
cussion of the stream to which they belong, so that the reader is here 
requested to refer to them there should he wish to verify our general 
statements. 


SELECTION OF DRIEST PERIOD. 


In our chapter on rainfall, we gave two typical dry periods from 
the New York and two from the Philadelphia record. We are now 
prepared to examine these and determine which of them presents the 
most severe drought in its effects upon stream-flow and vegetation. 
The best way to do this is to compute by our formula the flow of the 
Passaic by months for each of the two driest periods, and then com- 
pare the results, A test for one stream will answer for all. 
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TABLE No. 44. 


Estimate of Passaic Flow for Typical Dry Periods. 


NEW YORK RECORD. PHILADELPHIA RECORD. 

Dec., 1841, to Nov., 1844. Dec., 1879, to Nov., 1882. 

6 we H 3 a 

MONTH. g ° 2 s : 3 

a |: guia | § a4 

Bites cece s |. ge) eles 

3 > ES o° & > £ o 2 

ae <3) ey A & aa <a) ey Q & 
DMecembereis..-0sccercoreos 2.70 OOWW T2:0)iescesces 4.69 SOly S80 Nese ecs c 
DANUALYesevs. cece sosbosannad 1.07 38 OO |Reesenees 1.51 A209] Seyeaenee 
IBS DUUALYst.<- co veeueestciseeoe 2.85 DS |e 2naill|veasooess 2.43 5a 189) ss ccee ese 
Miarchiotes.ccccoweseners<Jeo% 1.25 61 GA Reccenees 3.53 Some 2-lOleewecees 
PAMDrill wesestnescaseeressasssens SCO Med 2olPet2 a leeieces ss AS jell W382 | osesceats 
DY feceecre sk ce siesaeiss sanisccisirs SOONER 2:09] frleOll|sdeseanes 54) 1.98 72) 2.16 
AIMNICL oeeesees ese sscsenmenscs ett 3.30) 3.82; 1.16) -1.18}) 1.67| . 2.92 31|- 3.72 
Jilliyjsceceetoescecstsseuncesseee 3.80} 4.14 48} 2.00)} 7.74) 5.32 82| 1.62 
PATI OUBb eetesnacoewecs chen ashe 2:81) 3.32 83} 2.84/| 5.09) 3.89 72! 1.14 
September.......csccse-seeree 2.10} 2.05 tO2|he Ss LU ee LO AeSb 43] 2.32 
October mscece.s+<c-cesssso5- 4,30\ 1.39 43 63/| 1.74} 1.09 San 
INovembetare.c-sessss0s0 ss. 1.80 84) 1.12 79\| 1.75 84 43] 1.53 
———— | ee ee 
PYGaltereccesaactrenetsne 33.18] 21.14] 12.83)......... 34.22} 21.68] 14.07]......... 
Mecenienlcrsscnsccccaceees 3.50 AA mr LEO AE llasoeersne's 4.05 ROO In els OOleeseasene 
WANUALYRes es erteext nossa sees -| 1.00 37 UGS eiecceses 3.66 LOA 3:02) secereces 
February....... aRecoaoArDAGaS 2.31 483) Toth} Gecooneae 4.76 HBS ees loceonence 
Mame ileseeiseseastceaacess sce 2.18 69} 1.441......... 3.83 SGN e297 ile ansec ste 
AMDT brs ccece-ce eeneab ences + DLA DALOS 1-06 | ea es0cs. 61 93} 1.05) 1.87 
DY pacereeny sce estsacecs se vee 1.00} 2.07 81} 1.88)! 2.71) 2.41 52) 1.59 
ANI chao edad anscdonbcosotas 76| 2.69 Ol} 4.121) 3.87) 3.47 46} 1.65 
Ditlivirereratansctondest ssc see 1.64} 3.49 .24| 6.21 96) 3,29 32) 4.30 
PATIO USU pe wrsesecscosscosreense 15,26), 6:43), © 2:62)......... 1.18} 2.92 25) 6.29 
September ..........0.-s000 3.06) 2.24) 1.47 65 94; 1.82 25) 7.42 
Octoberertisccnccesessozess= LOE DON SOU sccasse es 8.04} 1.24 25) 5.87 
INO Vem Dertecsescasecccresses 2.82 AGN Sits ckoll Asansrben 2.02 86 25} 4.96 
BYeai ie avestenenes bee 41,53) 22.89] 17.85}........ 31.63] 20.05) 15.01]........ 5 
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Estimate of Passaic Flow for Typical Dry Periods—Continued. 


| NEW YORK RECORD. PHILADELPHIA RECORD. 

| Dece., 1841, to Nov., 1844. Dec., 1879, to Nov., 1882. 
| . SS SSS SS 

} : i : K 

MONTH I S32 8 S23 

| § Bry 5 Bry 

° : : ¢ 

So ee (R Vee eclok gee 

pate lS = oe 3S > = os 

; & i & ry 2 fa} tx] By A & 

eS sk see 

December sssssssseseseeeee 3.34) 75) 2.50)........ 2.63) 68) .27| 3.28 
RP MTRUAT Yin encsncinectsnas 2.66 264) (2s ics 4.57 73 nOG|cceneeees 

BPQDEUREY occas cee ceas cannkcaes 1.03 40 LOS lonteatess || 4.22 72} 3.50}. ..00 
DW arch wos se cisansccaccsenens 4.50 USMS Ol eicecerce 3.57 Sal CN Olesisaeres 
April ean cocatk sauese eae taces .55 92H 951 1822 (212i OS 04 eee : 
ERY occ anacanessaunacacencares 3.41} 2.55 64; 1.10 5.06] 2.88) 2.18).......0 
MUNG ic coancxccancskecceucns cece 2.37) 3.09 43) 2.25 1.90, 2.98 51; 1.89 
RP GLY, cacasncn aca nawcnasconcse 6.00; 4.80 AO! 1.45)| 1.387) 3.41 32! 4,25 
BAMISUSE cee censcncuaceccenses<o0 2.73, 3.30) 388; 2.40/| 6.40| 4.22 30] 2.37 
RONGGERNER sc. -5 sce shsecsees 450) 2.53, .46]  .89]} 12.09) 4.05} 567]......... 
MOUDNG aac ccccennvevaneccesste 4:08) 9.37)" 1.82) .02-eces 1.32} 1.04) 1.26 .98 
November............ re 1.73]. .83] 1.50 .60 .99 .76 65} 1.40 
PROMTK. seanenecscer sven | 36.90, 22.01| 15.49)......... 46.24| 23.39] 19.29]....... 


The smallest yearly flow here shown is from December, 1841 to 
November, 1842, in the Philadelphia series. Other tests will show, 
however, why this is not the most severe drought, either measured by 
the test of draught upon artificial reservoirs for water-supply, by the 
run of the stream without storage or by the severity of the drought 
upon vegetation. The accompanying diagrams will make this clear. 
The upper part of each shows the stream-flow accompanied by a hori- 
zontal line, which represents a steady flow equal to 14 inches per 
annum, the amount which we adopt as a preliminary maximum 
available with storage reservoirs. The shaded parts below this line 
represent the amounts which would have to be drawn from storage 
reservoirs in each case to make up the flow to 1.17 inches upon the 
water-shed per month, or 14 inches per annum. Table No. 45 shows 
what would be the draught upon such storage reservoirs for each 
period, 
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Draught on Storage Reservoirs to Furnish Uniform Supply of 


14 Inches Annually. 


NEW YORK SERIES. 
Dec., 1841, to Nov., 1844. 


PHILADELPHIA SERIES. 
Dec., 1879, to Nov., 1882. 


MONTH. = ; E : 

a eS) gif & Sele 

= 5 fs! iS) = a iI ‘S) 

te 3 es Se 2 oO Ca] 3 = 

3 Ms ¢) 5m e ~ © SS 

Ps el het eee Ulla ar oe A ern Pewee 
2.01 SAN Recacel tevecteer SiSGin 1 2Oolleseesaees ce Soncane 
ROO ee eeceess 48 48 10) aeneeeeas 08 08 
DOU ls LOW acecs ses [se eeetecs 1.89 UTD lintewseanlecesoeece 
KOA eveasete 58 53 OAV] moar Wala ts heen SADIE 
DSU tapas leranecteeleesersece 1.32 a5 Peeeeeeesls Reeves 
AOU Senne ses 16 16 Sale weatooee 45 45 
MOLG erereecee 01 Aly Botlileccuneees .86} 1.31 
TAS essacens .69 86 RO eeeecetes .85| 2.16 
Bol cscecdeee 84} 1.70 MTN osesperee 45) 2.61 
“BVAlSeeascnan 85} 2.55 ABI occa cet Al 3:35 
TAS ee cass 74) 3.29 RO aaeessink 83} - 4.18 
USL |Feeeseese 05) 3.34 PAS | eeectetes 74, 4,92 
1288) Lonasecs lacsvevecelneveneses LALO even ccusal covaneeeeleseeeene 
December...... Brisas csecse? 1.94 sldleavteoees 2.57 1.69 BZ liesececes 4.40 
January ...... tocetehasvecss AGS pescnrnee sali abl StOZ Pe lssoieecessers 2.55 
Miebrilarycccr<: sscesecess asses 1.78 (BY ecacoceon PAV! e886} Rell Roccasocs jasnoacoco 
Manche ccetccatacstens ic esecs 1.44 Dilloverecece 2.23 D Oil 1280 oon coases| seuetenes 
BAUD sevestcsereectesnsstesees MOGI Ree eeeres 11] 2.34 AOD Reeeretes alg ag 
AVE eabencatoeacieccsenssene -Olleccssneen O01) 62:40 EB secccnees 65 ates 
UW Gkserssesceccreescalecdereces BO lieeeetne es 86} 3.56 BAG loss .cseee 71| 1.48 
iil yessceecceccceecoteaeeeste aA lesteonees 83} 4.389 VA i dail P2883 
August ........ Ree Cena ee GDA eal 4.5 leorere ee 2.94 Do lnedeossee 92) 3.25 
September..........06.- Accel ai he 53 Uiecadadenc 2.64 n2Olnerensees 92) 4.17 
OCtOber.scsse-soweseses widaes SOOO |eeaes 14 ELD |eteantess 92) 5.09 
INGVEMDCIccsscccesssceceres 1.88 Sl ceed seclisiees cxese DO hecccewees 92) 6.01 
DYIGA Tint socow.Seneoesc css TES SIRS. ccleioti\inacloaeeael saasitees« THOT; ceteasalecocessec\crwen taste 
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Draught on Storage Reservoirs to Furnish Uniform Supply of 
14 Inches Annually—Continued. 


NEW YORK SERIES.’ PHILADELPHIA SERIES. 

Dec., 1841, to Novy., 1844. Dec., 1879, to Nov., 1882. 

MONTH. E : = : 

Pl als E | s 

E & . re 3 z % 3 ra = 

ies apie ee Me Ora aed eects ss 

Eilom | tear New) cl Megeteees 
December tivcescvs0iteacnces: DAO TANS Wy ERE ne hele yf ee, 90} 6.91 
January..... : 2.12 D5 sececeveslecces sss SG eave sesso 61} 7.52 
February............. OSleesecetan 54 54 S:50in) lcosleaterense 6.19 
IWarchoncverses cecceseouse ave SiON “DAO ieraececelssesves ss Quis elcOOlcssersece 4.63 
PA DEDlevgecstsecccoatthecsisccees OG everett’ 22 22 OA eect se 13} 4.76 
EN Sct ac CB DRCOOGRCCUOEESHOCAH Oa sececte 53 75 DESI WOR eee eee: 3.75 
UNC eicevevescessseccvevcesses AS in eseeset 74, 1.49 rofl Nanna ree 36} 4.11 
Uiahyeacsiversveseateeseascosces AOitscress cc Sil PPE Oalneceesses 85| 4.96 
PAI SUStaerosdecdcsnetedeeucsens DSlescerases al 3.05 SKU echoneriac 87| 6.83. 
DOPLOMDCL secrsccrencecseces AG Rave vetce tA Oslo Gill mac OO | ceee ceeice 2.30 
OGEODEDR Rak cenctsessecesaecse 1.82 AOD meacesce 3.11 1.26 OO erecenes 2.26: 
INOMEMIDET RP nesectacv ee oenace 1.50 yO lseesecees 2,78 GD eeeeceee. 62) 2.78 
BViGat meade eco Conwieccen AOI claecolltesciwowee lata nA AS eer mee eine soncoce eocouan: 


In the above table, the column marked “ Total depletion” shows 
the total amount of storage which would have to be drawn up to the 
end of a given month, measured in inches upon the water-shed, in 
order to supply continuously at the rate of 14 inches per annum. It 
will be noted that the longest period in which the reservoirs would 
be drawn down on the basis of the New York record of 1841 to 
1844 is eighteen months, and that the greatest amount drawn from 
storage is 4.39 inches. On the basis of the Philadelphia series of 
1879 to 1882, the draught from storage at the end of January, 1882, 
amounts to 7.52 inches. A brief examination shows that the reser- 
voirs would not fill until March, 1883, so that we have here twenty- 
two consecutive months in which the reservoirs would be drawn 
down. It is apparent, therefore, that if we admit that the Passaic 
is subject to droughts as great as this, 14 inches per annum is the 
very highest amount which we can collect, and to do so we shall need 
seven and one-half inches of storage above any allowance which may 
be necessary for extra evaporation from the reservoir surface. The 
reader will note that during these years the rainfall upon the Passaic 
water-shed did not actually fall as low as that shown by this Phila- 
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delphia record, and that,*consequently, the flow of the Passaic was 
larger than this computed flow. As I before remarked, however, we 
have no warrant for supposing that the rainfall will not, at some 
time, fall as low as this on the smaller water-sheds, at least. 

It is made clear by the above table that the Philadelphia rainfall 
from December, 1879, to November, 1882, is the most trying one 
upon a system of artificial storage. Table No. 44 shows that it was 
also the most trying upon natural storage, the periods of depletion of 
ground-water being longer, and the greatest draught upon ground- 
water amounting to 7.42 inches, whereas the greatest of the New 
York record is 6.21 inches. The low state of ground-water from 
April, 1881, to December, 1881, for nine continuous months, exhibits 
the severity of the famous drought of 1881, which was so severe as 
to kill large numbers of forest trees. The condition of ground-water 
is exhibited by the lowest line of Plate V. 

In our future computations, we shall adopt the above dry season 
of the Philadelphia record for our typical dry period. We have 
already given in the chapter on rainfall the average rainfall for each 
section in the State. Applying our monthly formula for the Passaic, 
Croton and Sudbury, we shall be able to compute the evaporation on 
the Passaic for an average and extreme dry period. By taking the 
difference in mean temperature between the Passaic and each of the 
other sections of the State, and applying a correction of five per cent. 
for each one degree of increase and decrease over the mean annual 
temperature of the Passaic, Croton and Sudbury, we shall have the 
evaporation for the average and extreme dry periods for the several 
sections of the State. We obtained the following series of mean 
annual temperatures from the Climatology of New Jersey, and oppo- 
site each we have set the proper correction to be applied to the 
evaporation formule for the Passaic, Croton and Sudbury : 


MEAN ANNUAL TEMPERATURE. 


Correction to Evaporation. 


Upper Delaware Valley.........ccorrsecsssoseers 47.4 degrees — 11.5 per cent. 
Highlands and Kittatinny Valley............++ oe ies ee sy 
Central Delaware Valley...........sccccessescssers DUO) = ee se 
Hed Sandstone PE lainice.sctecsrescs+secrsseceseioerss 506 “ + 6 Us 
SOMUMeEnM DVN er neseseelecsecessssensacessnasaonses 52:6) 16 a 
Oa COIS Eeresca rene scesesisnns cbienwarcesasisusticeesele sense 52.1 “ +12 Me 
ower Delawateyetscccstevesvscsstores seccescnscese §26 “ +15 te 
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Correction to Evaporation. 

Delaware above Trenton............cs.ccceeeeeeces 47.4 degrees — 11.5 per cent. 
Rear iterate. can ccoas ccunse secwsSuuence ms counecesacmensacuss 50.6 “ + 5 - 
TP SSSA Gia crac cuvews sane ca qactach<oceus Sa naentueneckonss 49.7 0 
GGRSE SENOS 2: octane core manh neeoee eee raccon ae a25 “ +414 
Branches of Delaware below Camden.......... 25 “© +14 
Branches of Delaware, Camden to Trenton. 525 “ +14 


Applying the above corrections, we obtain 
evaporation for the several sections of the State: 


TABLE No. 46. 


the following monthly 


Rainfall and Evaporation for Average, Ordinary Dry and 


Driest Periods. 


(a) UPPER DELAWARE VALLEY, HIGHLANDS AND KITTATINNY VALLEY. 


AVERAGE. ORDINARY DRY. | DRIEST. 
| ; 
| | geal ies) 
So ° ' i=] 
MONTH. s 3 aye fart ed ae 
= See ee oe ee = ey me. 
33, = = ee ks Mie: Seen (pe 
s i | 3 ; 
Fa 5 a) eo) ep Re 
aa —_—_—- -—— —— 
MD SGOMPEI A cacees sence temcatoess 3.57 60 3.86 | .79 | 4.05 wt 
aI EA Wek ees eMac dae accom eens 3.48 55 3.94 | 68 | 3.66 | 57 
URS Na T oT a iceacaceeceend CR ae 3.31 “56 164 | 441 4.76 | 69 
INTAC OL: Access teeter sctnesetsatcenes 3.57 74 2.89 68 | 3883 | «76 
PAD Ru eerssntine se duck cnaecuvartcay ee 3.48 1.09 2.55 ageates Oe S83 
SRR ee ree: 3.88 2.35 3.29 | 224 | 271 | 1s 
SUING ae eee cas cess ct cen sce sccuey 3.88 3.07 $66 | 3.02 | 3887 j 3.07 
BP yresees tae nc agate 4.05 | 378 | 485 | 380 | - 96 | 291 
PAUP USER: cane tence haceeeccnt 4.42 3.29 383 | 3.17 | 118 | 258 
September ......:...-..ssneceses 3.57 2.07 96 | 161 | 94 | 161 
Metobere-wwarscs cue Moswasecacs 3.31 1.13 | 2.04 | 99 3.04 {| 1.10 
November n.séccgecnscianan: 3.57 90 | 219 | .78 2.02 76 
ene eS aes Set ey eS 
GCL eee BE 44.09 | 20.08 | 35.20 | 19.06 | 31.63 17.75 
EECA ERT crise craic nedhseeoe sea boates Weenie | eats | 263 60 
SAU pees cca evs occa Se eee ERS So ee | 457 | 65 
February 22 | : 
March a 
April 
ay 
UNOr..c tees scnsct saGesseaseasence | secant Sc 
July 
August 
eptember Mersccscacesnsscceese| sawenceansea | araaenaenua|Ceeens etd ees Reacans 
October 
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Rainfall and Evaporation for Average, Ordinary Dry and Driest 
Periods—Continued. 


4b) CENTRAL DELAWARE VALLEY, RED SANDSTONE PLAIN, RARITAN WATER-SHED. 


AVERAGE. ORDINARY DRY. DRIEST. 

E E E 

MONTH. = Z = E ~ 3 

a > S b & 5 

aa co 4 ic ioe} ie) 
DGCeIIbereheecesersedsetace es hs 3.72 83 4.04 86 4.05 87 
PAMUALY tase cascenesaccetes sacs 3.63 .66 4.12 71 3.66 67 
ING DLUATY..<.csscccrsssacees>.2 3.46 .67 a7 49 4.76 82 
Mar chiticsccccscsetercccssnessss Oule 89 3.02 82 3.83 90 
PAD Ellleetsseee Aopecateevameloteces 3.63 1.29 2.67 1.20 61 98 
AVewcnencetusessnsceessestoases 4.04 2.81 8.44 2.69 Pal 2.58 
PUN Ot teeaccccovecacocrcceesecaes 4.04 3.70 3.82 3.62 3.87 3.64 
idliygerenncerancen secteeceseas’ss 4.23 4,48 4.55 4.58 .96 3.45 
NU CUStivssccscscccecesderencesses 4.59 3.96 4.00 3.80 1.18 3.06 
Neptemberi-cc..ccsessccsersoeee Sie 2.49 1.01 1.92 94 1.91 
October ..... Secccbedcocnaevesese 8.45 1.36 2.14 1.19 3.04 1.30 
INGVeMbEer eer sacescecees menee 3.12 1.08 2.28 94 2.02 90 
EVGA tnsme ices ccreterenoess 45.94 24.22 36.80 22.82 31.63 21.03 
HD ECEMD EL wesccsswescsdecseresen|catececoses|sccccceoscec|ssesecssoceeliteccesece se 2.63 ia 
JANUALY «...00e CAE OSSCO71S00 200000 | nsdecddeSacnl lesade needed iSacocecoson | daogsoondobo 4.57 7 
LAGI EIS7 cence ogosanebcoonceados| Bencoanchicc)| lbbocksaddad| ieroas 4oadbal |actanéadeocc 4.22 76 
Miarchtrceccccccatstocrctcorsts|eneescsevese|serecvessecsiecss Genticel| Sorsessesers 3.57 88 
PADEUlae en teetruiesesscores: lee secre et ceelncodetcesteel Cosecteecers| sascesrser se 2.12 L13 
INIA aeeeeseeanaet rs oreserecrns:|| testes cereal cctnerteosaltetenere ee caaecee esses 5.06 3.02 
SUM Cpence rest eccnceveccearcstoredl ante seccers [scar oiereenaloccmenernerelneoreseanees 1.90 3.13 
iullivaseectdiect sectecrtsestcteecalcrceecssstte nancer ecto Seepeceetestleseccccesers 1.37 3.58 
PANTGUE tet acatcccccssasedetoassesetlcessacccdart|ersactassces|ecestrensete (recess nesses 6.40 4.43 
PDC PLC CI er. racers Aedes cece so| coccersevces|ervscascoern|ceseeneeeeos|ccsneeste see 12.09 4.25 
NO CLOUERT cone cccceesceacse decane Serecs torte aveestracoe:|Censneeces celnntoreea uses 132 1.09 
INIOVEIDE Ea ee cree croc erretcet lcccecerteesalnoetercceter nce seeceetwelsacesctecnes .99 .80 
PYG Ty Soret te nacedececonectl acre see eesal aces eae st lneenseccepelerencs vere. 46.24 24.55 
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Rainfall and Evaporation for Average, Ordinary Dry and Driest 
Periods—Continued. 


(c) DELAWARE WATER-SHED, ABOVE TRENTON. 


AVERAGE. ORDINARY DRY. DRIEST. 

| g =| 

) i) iS) 

MONTH. Ge : Bet | 

2 5 fe 5 ie 5 

a > a 5 S > 

a <2) ae) ie aa} ic 
WMecember.scvcseacsscesevesosers 3.67 70 3.95 v2 4,05 73 
ATU wares io vee ovaccscceesoes 3.57 56 4.04 59 3.66 57 
epnuatyAsccvsoscacesenseeessees 3.40 57 1.67 42 4.76 67 
Marchi virstcecesieseosecsevessns 3.67 75 2.95 67 3.83 76 
PAUL eececsssnedaecesatores seers 3.57 1.09 2.60 1.00 61 82 
Aa stedccceseccseecouscuee sores 3.99 2.45 3.36 2.25 2.71 De 
DUNS Cntsccsscnedseleccersessees 3.99 3.10 3.73 3.03 3.87 Sill 
Jidliyjossiesesecouc sosisecesaseeosces 417 3.76 4.47 3.84 96 2.91 
VAUIOUSb eesti scscascesutenseces 4.52 3.02 3 93 3.18 1.18 2.58 
DOPteMper cesses cescscerenccat 3.67 2.18 99 1.62 94 1.61 
OCRODOR.: -cteuccccctcdcescteese? 3.40 1.14 2.09 | 1.00 3.04 | 1.10 
INOVGMIDEL: vcs sescsecescess caret 3.67 92 2.22 78 2.02 76 
BVIGAT  Sinacciecaecescteaseos 45.29 20.54 36.00 19.10 31.63 17.81 
DECOMPELeccchcosacuccetisccess] secceresoecs | Seveecewetecliseeesevcteealiecs couse nee. 2.63 .60 
SANUATY cocccescoccevseedecseescslivescsedcceen eeeccsstnceeseaseenscntehecescesaaecs 4.57 65 
RGDItUATY sccnscsoscotwateccasesselasesencn eas sxasetinansel evaccaces sucl essere sues 4.22 64 
Marcha: sc. secs cesicoessesseeleteccosnsors|scccccesserel severacn tees Ctacasectees 3.57 74 
IADTUMA SS cscccoateccaseesdavcecise| svess scence: |ceesdescastel eosecasessetlinccecnseson: 2.12 96 
IMavarcacasccucatcesetnesesessses lsceseesedsal|asconcsusonalteserstacseulaseesstiocees 5.06 2.55 
UDO ce sosaerrestestensecscctewe|neestec seccohoatavesh tesslnaneanecare alte choeeent 1.90 2.64 
Dbliyzerteaccecv dear cecscoesescses| Set aeseccocel Ses euscesuwal cocderaceeoa teeth Ceceee ITS¥e 3.02 
RU SUSU tere ccsensscssrcsacteocaliescceans sae eteceeseccralls sstitcemntecl mesemenees 6.40 3.73 
DOPUCINDEL werconcraesectenscersseneeecese esl toon inasese)| sevecti vocal cop seteneaee 12.09 3.58 
Octobe ss .ccn. aks eneacdewsere: |accscent ses veneme cuncalluccor sa atecs|tmenaasosens 1.32 92 
INGvernbericccusscnckestcteccess|teccracessre les tacesecsea ea@eeesse salt acauenreet: 99 67 
BXIGAI’ rews devccte cose cuee Seu lent cch cacese scouts eecanal ore cee coca mitnencteonehs 46.24 20.70 


WATER-SUPPLY. 


herd 


Rainfall and Evaporation for Average, Ordinary Dry and Driest 


Periods—Continued. 


(d) PASSAIC WATER-SHED. 


AVERAGE. ORDINARY DRY. 
8 8 
MONTH. Fe = ? el 
S s = g 
Teo. 
S 5 a 
fs is a es 
HD GCOMIDET rere cco ecsccetesaseus 3.65 78 3.95 81 
AUEIENT ET A Gre esoncanganadouDAOcDeec 3.55 63 4.04 67 
MSDTUaTY he-sercseveosecere seuss 3.38 64 1.67 AT 
Mar Chitscetatecccess cence cccse 3.64 84 2.95 78 
April ety osc seucesnctneastoeces on 3.55 1.00 2.60 1.18 
BY cesesecsceteocess: eeseccacns-\e 3.96 2.67 8.36 2.54 
AJUMO ew ec decoctonewecereeitesce 8.96 3.49 3.73 3.43 
millliverweresescssersecccescserccsts 4.14 4,24 4,47 4,34 
mA Sti sate Seceee Ssdacererers 4.50 8.74 3.93 3.60 
September iii..sc.s,sesseceseoe 3.64 2.36 99 1.83 
@ctobersNcsscesseescsercesteossse 3.38 1.29 2.09 ets 
INGviemlbes wtiscecccccensscece 3.65 1.02 22, 88 
Gel dk er eRe enn Ger reee 45.00 22.70 36.00 21.61 
Mecemibormuce cn citecs ste endesalssdeece secs etecdeassecel cotescesenedl caseentecess 
CUESTA Se ico 0 oSbUDOREQODCOCE be00b000cdc0d |e achonoadon| odebtendso06 | acosadaanbes 
LG DEUA Ty etrarce- tee cave coccoerel sscscssasase| Sacoesessua|itescansensCe|scasaceesnas 
March..... nN OBS APRE SETTER CERCEESS RCE OneE Cer epee nan lanteeeercrte: 
PAREN cach ster ee csoe> sceacicesssces|lcccsceiecszee|seassacetsas|esscossesese|eeenaterents 
IMEI ence ttreeine sctsa cca cata anaes usseset|seccensesea|escsererecse|sanetateds er 
MVRLIL OSes ee anes o ne cect saree occas ldaoesse ccs es lNecoeseueess| secaacencese|Stceeseceee 
ULV eer ertperscescesacectessicescd caavedsecscs|sveectesocaa|ecsesedasea|tersocnense 
PAM GUSti ste enna cssnceseesse sseel|Eaceseesuans|Tesrncesrere|eseccadeces ol serscacacess 
Seplewmbermcen. ts atecdevsaansnd eases fores| saestcsanesd|seesanseresel cnrscndsnces 
(OY6IN0) 0S ce nconc en EE AOA SEES Cte aeorbotobod MEgeococasos | bonrisonecedd loceancnoncen 
INGVEMDEE:. Jo. censssevccecelsces Lsdenlceccsdueatealocsesdseossolss RECARO 
WEES cetesociannbhpnen c0d0d6llcooons oBunc | EEOBaAGecoc4l |eenoadooneed so ducUuBOCEE 


DRIEST. 

: 

= E 

& ° 

[= 

3 

gS & 
4.05 83 
3.66 64 
4.76 78 
3.83 86 
61 93 
2.71 2.41 
3.87 3.47 
.96 3.29 
1.18 2.92 
.94 1.82 
3.04 1.24 
2.02 | 86 
31.63 | 20.05 
2.63 68 
4.57 73 
4.22 12 
3.57 84 
2.12 1.08 
5.06 2.88 
1.90 2.98 
1.37 3.41 
6 40 4.22 
12.09 4.05 
1.32 1.04 
.99 76 


46.24 | 23.39 
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Rainfall and Evaporation for Average, Ordinary Dry and Driest 
Periods—Continued. 


(e) BRANCHES OF DELAWARE—TRENTON TO CAMDEN. 


AVERAGE. ORDINARY DRY. DRIEST. 

Rees i g 8 

sS > 3s > Ss ima 

Sj <2) ian} & pq ie) 
IDECOMDER scescereveececevaceeees 3.82 91 4.1 94 4.05 95 
ANUATY wereconcscosese Reese 3.73 13 4.21 af 3.66 713 
February...... scueccteaecnocescs 3.55 .75 1.75 54 4.76 89 
March. ue.tasdvecvencese socesets 3.82 98 3.08 .90 3.83 .98 
ADT. cess Reaeeet ene asa cren tess Suis 1.41 DAF ERS 1.30 61 1.06 
INS eee ascoe Mears techmancsteecs 4.16 3.08 3.52 2.93 2.71 2.75 
UNG seeec soattdeeccavecteewsances 4.16 4.04 3.90 3.96 3.87 3.95 
eiillivpceoserees tres ceceie oheereeet 4.35 4,91 4,64 5.01 96 3.75 
ANIBUS Re ceceos caves cnsastner sas 4.71 4.33 4.09 4.15 1.18 3.00 
OPteM Der ks sssecsseccceccsase: 3.82 PALES} 1.08 2.10 .94 2.07 
OGLODET Foack cee sscncccnccseesen 3.55 1.50 2.18 1.30 3.04 1.41 
ING Vemb ern sscccssscconesccsess 3.82 1.19 2.34 1.08 2.02 .97 
EYGaT eececceodteacete dened 47.22 26.56 37.60 24.95 31.63 22.85 
DCCOMDERerees ccc tenscocassca| cocaveccsies elnacceaer ote iotemtnc eecalnootesenwacs 2.63 | 78 
ANUBLY sates Mawcercesccdecemad| canter ccsea| ecsers vere | «hos vawcncer lescteaeaese 4.57 | 83 
4.22 | 82 
Son .96 
2.12 1.238 
Maly iic ss casectanecasuasscacceerecel Nevecetncote|acosetesseec basctenecate Woaeueaeees 5.06 |. 3.28 
JG Reser essence tec tec ee saslenc cal Gecoatee etal cortaceeeteeleoee one terme lneaeeeeees 1.90 | 3.40 
Si Di ae ae eee nates: (SHEE, Sense | MAOReab br Mau nD han| Daa Ai 197 S18. 80 
PAU SIIB cesaessotcvenascassenesceceloeset conece|ootcer meses | cececeeeertaleetereateat 6.40 | 4.81 
We pie Dowie sts s...cscceceacaccalaeccccetsocelsaseceestocs inacnesacaclaews-ceacees 12.09 | 4.62 
Ocigherseretcsnaccrtscecteaetealttecseeet ace levwiee seers neseeeeteena terse aes 1.32 | HSL 
ENOWeIn Denies. soy ceacucs deasene Core ceaeee ee lathe Sec eaeeal encom ee enlees aeaneee 99 | “87 
IVGAr Sescsicrencastee Caen ae ee eee 46.24 | 26.68 
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(f) BRANCHES OF DELAWARE—CAMDEN TO BRIDGETON. 


MONTH. 


PP eccecreeesscssseseee 


woe eee seco euceeee- si eees 


the eceeecceroersrseeene 


seer reececeseseereceesscee 


Peererorcececssesosecescoces 


Oreo eceeeeresoceseseesoneeey 


Perec c ee se ores ees ewes er eee 


ee ee ews verses ecorasoor 


sm eeeearosescverenseesoes 


hee eee eeeweoerressee 


AVERAGE. ORDINARY DRY. DRIEST. 

g & g 
S S| S a & g 
3.72 90 | 4.04 93 | 4.05 95 
3.62 72 | 419 77 | 3.66 73 
3.44 te | ein 34 | 4:76 '39 
3.79 ‘7 | 3.02 '399 | 383 | 98 
362 | 140 | 267 | 1'30 ‘el | 1106 
4,04 3.05 3.44 2.92 Relifil i bars: 
404 | 400 | 382 | 345 | 387 | 3.96 
492 | 486 | 4.55 | 4.97 ‘96 | 3.75 
458 | 429 | -400 | 413 | 11s 173.33 
3.72 | 270 | 101 | 210 94 | 2.07 
B44 chela4y | 814. | 15661 8.04 | 14d 
a72 | is | 288 | ior | 202 ‘97 
45.88 | 2627 | 36.80 | 2457 | 31.68 | 2285 
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Rainfall and Evaporation for Average, Ordinary Dry and Driest 
Periods—Continued. 


(g) ATLANTIC COAST STREAMS OF SOUTHERN NEW JERSEY. 


AVERAGE. ORDINARY DRY. DRIEST. 
Ss g 
s iS s S 

S > 3 5 a ~ 

eta ea ae & a ica} 
December.vcsscsescseeeesseeeese 3.97 97 4.29 98 4.05 95 
JANUBLY-< sede caceer rise ecieeescoe 3 88 75 4.38 78 3.66 73 
IMebriaryes.c-ceecc eed sosssense- 3.69 76 1.82 55 4.76 89 
Manche oe eedsres tus ecaveetsee 3.97 1.01 3.21 91 3.83 98 
A tileaseavecteacsscavescoewcees 3.88 1.44 2.83 LL 61 1.06 
Mayedscacassesacnsicccsccaceasvess 4.32 3.11 3.65 2.96 if 2.75 
JUG ec ccdseeteswertoceeccsesss 4.32 4.33 4.07 4.01 3.87 3.96 
Dilly cesseesse vacescs desist ecesss il 4.58 4.98 4.84 5 07 96 3.75 
TATIPUSE cteccocdsciesesieutsecees 491 4.39 4.26 4.19 1.18 3.33 
September tis<cescescesscsss005 3.97 2.76 1.16 2.12 94 2.07 
OChO Dee ecccteees caceeaceseaes ce BG) 1.51 2.26 1,31 3.04 1.41 
ING V.ODNDEL sserescceniectesisetees 3.97 aT 2.48 1.03 2.02 -97 
BY CAT Guewisnsccsossecseeeee 49.10 27.22 39.20 | 25:22 31.63 | 22.85 
DSCOMITBSH Fe eaescancstt snes ages sacecaeondatanevesouveelisecedeetecalarserentesce 2.63 78 
JANUALVE sanscosssse teases vaauccelsenecesseess|tecarterceselastces nudes | cvsacnerder> 4.57 83 
IG DLUAL Vice sceessesctsot vase oc o|[sasbet Cosseell tecececsereclicecscisesese|sevessaersia 4.22 82 
MANCILE.tapscescecsceescetewsiece| sans covenene | Weereneceesclicssesaaedeotlaesssaeeccee 3.57 96 
PATEL Ecos ncececas cestccsessectlseeresesercd aes seeaesstaleseerense cel vodeadonrets 2.12 1.23 
IME AV neal: cease cue concn veces Sax see| oes sovisee vealinas seen stot lecsascakeces | @aden cusses 5.06 3.28 
PUNCH acsecscsccvsssstvesoeectess| eveseccseee(Scocscouceselamneceences 1.90 3.40 
JW yas A iccstos stovwvnesivassccascclotesetsecse sl aucettes sone! uussereececalenceseneeers 1:37 8.89 
ATESUISU es sssssnetiecasinesesdesded| Seaasccser|aasecee veces lenceceteaaell cadeceeccees 6.40 4.81 
September vcccnessacceassesess|teasevaseccs| scorcasesese |sossectonssaleccersaesess 12.09 4.62 
WO CTODENS coins soeslis davon ces coalisncese seated rs deot cacsas| tcee cea coal eam eances ey 1.19 
ING VOID EL reecscesuhecccserces Gecaboscceaal ctewsoorsesllccseateccsoal eateeneiaens .99 87 
BYICAT rotaciesseucwentetbarelenotescstocsl seceeceteaes lnadaees saeeelensemeeteas 46.24 26.68 
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This gives us the following net amounts of rain left to flow off in 
the streams for the various sections of the State: 


Net Inches of Rain in Excess of Evaporation. 


Average Ordinary 


Year. Dry Year. Driest Year. 

Upper Delaware Valley, Highlands and 

Kittatinny” Valleyicc...c.scsseveosscens 24.01 16.14 13.88 
Central Delaware Valley, Red Sand- 

stone Plain, Raritan Water-Shed... 21.72 13.98 10.60 
Delaware above Trenton.......c.s0c0. secure 24.75 16.90 13.82 
Passaic Water-Shed....... eiiececescacocsehee 22.30 14.39 11.58 
Branches of Delaware—Trenton to 

Camden creed Sasntecstesesaeteustettnbede 20.66 12.65 8.78 
Branches of Delaware—Camden to 

Bridgeton. s.se7.cseccsscssassresssssthcsess 19.61 12.01 8.78 
Atlantic Coast Streams of Southern New 

JOVSOY an onaseeccsteerssscsnsenarssancehesaes 21.88 13,98 8.78 


The actual amount of water run off in the driest year will, of 
course, be augmented by draught upon ground-storage. Theassumption 
that all parts of the State will be subject to equally severe droughts 
tells heavily against the driest-year flow of southern New Jersey, 
where the average rainfall is higher. Weshould like to be convinced 
that such severe droughts are not to be looked for there, but we find 
nothing in the climatology of New Jersey, or in the records of rain- 
fall which we have studied, to warrant such a conclusion. 

The above sections embrace all classes of streams within the borders 
of the State, and we have here all necessary data, excepting the curves 
of ground-flow, for the computation of the stream-flow of the State. 

Before proceeding to determine these curves, it may be well, how- 
ever, to see what our New Jersey gaugings indicate as to the accuracy 
of our formule for evaporation. Very considerable discrepancies 
may be expected in such short series as these, still we may draw some 
valuable inferences. 


TABLE No. 47. 
Comparison of Kittatinny Valley and Highland Gaugings. 


PAULINSKILL, 
Computed 
Observed Evaporation Difference. 
Period, Rain. Evaporation. for Passaic. Per cent, 
Niearh S90 1S 0lecncsscssarccaceneares seve 46.48 22.20 22.94 —3 
December to May, 1891..........00.000 22.68 7.24 6.92 +5 


June to November, 1890.............00+6 23.80 14.96 16.06 —7 
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PEQUEST. 
June, 1890, to May 1891.............000 46.32 20.35 22.90 —ll1 
December, 1890, to November, 1891.. 41.43 20.73 22.13 —6.4 
MUSCONETCONG. 
June, 1890, to May, 1891..........,..008 46.35 21.18 22.90 —7.5 
December, 1890, to November, 1891... 42.69 20.65 22.33 —7.5 
RAMAPO., 
June, 1890, to May, 1891..........0se0006 54.48 24.96 24.22 +3,1 
June, 1891, to May, 1892............c0006 41.95 22.79 22.22 +2.6 
PEQUANNOCK. 
June, 1891) to May) 1892..5...0ecsnsees 42.80 19.78 22.35 —11.5 
June, 1892, to May, 18938............0-+. 48.74 19.88 23.30 —14.7 


This group of streams shows some range of evaporation, reaching 
from about 5 per cent. less than that shown by the Passaic formule 
up to about 12 per cent. less. It appears that the higher water-sheds 
show less evaporation than the lower. The Climatology of New 
Jersey states that the temperature of the lower parts of Kittatinny 
valley probably averages two degrees higher than the Highlands, the 
ordinary allowance being one degree decrease of temperature for each 
300 feet increase in elevation. Our mean annual temperature, from 
which we deduce the correction to the Passaic formule of minus 
11.5 per cent., is probably near the average, and allowing for 
difference in elevation, the range which we note in our observed 
evaporation is readily accounted for. It appears, therefore, that 
if we would be on the safe side with these streams it will hardly 
do to allow more than 5 per cent. less evaporation than we found 
for the Passaic, Croton and Sudbury. As we take up each stream in 
detail, we may make proper variations from our average evaporation, 
as computed in Table No. 46. As should be expected, the Ramapo 
shows very nearly the same evaporation as the Passaic, being similarly 
situated to the average of the Passaic water-shed. The smaller water- 
shed of the Pequannock, lying high on the Highland plateau, shows 
somewhat less evaporation. As we have before remarked, it is highly 
probable that it is this decreasing temperature over increased eleva- 
tion, and consequently decreasing evaporation, to which we must 
attribute the prevalent idea that the larger percentage of rainfall is 
available from mountainous water-sheds. We do not believe that the 
cause of this is that the rain runs off more rapidly to the stream, as 
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by far the greater amount of work done by evaporation is accom- 
plished when there is no rain falling. The greater bulk of water 
evaporated, by which term we include all water lost to stream-flow, 
is drawn from the earth either directly by the sun or indirectly 
through vegetation, and the amount is determined far more by the 
capacity of the air to take up moisture than by the peculiarities of 
the topography of different water-sheds. The only condition which 
would produce considerable increased evaporation would be, that a 
very large proportion of the water-shed was included in the surface 
of lakes and ponds, or in marshes so wet that the water should stand 
over them in shallow pools. The above indications warn us that we 
cannot entirely ignore considerable differences in the general eleva- 
tion of the water-shed. 


TABLE No. 48. 


Comparison of Raritan and Other Red Sandstone 
Plain Gaugings. 


RARITAN. 
Computed 
Observed Evaporation Difference. 
Period. Rain. Evaporation. for Passaic. Per cent, 
December, 1890, to November, 1892.. 42.85 22.33 22.35 } 415.6 
December, 1891, to November, 1892.. 43.97 25.05 22.54 
December, 1892, to November, 1893.. 49.67 23.86 23.46 +17 
HACKENSACK, 
Year ending with October, 1884....... 44,84 26.53 22.69 
Year ending with October, 1885....... 41.70 27.34 22.17 
Year ending with October, 1886....... 44.00 26.42 22.52 
Year ending with October, 1887....... 48.09 28.68 23.18 
Year ending with October, 1888....... 62.52 20.27 23.91 
Year ending with October, 1889....... 57.74 21.64 24.75 
Year ending with May, 1891............ 53.08 20.67 24.00 
Year ending with May, 1892............ 38.43 20.88 21.65 
TROIS eacnnonoodaouaccouoodbEiaancsode 191.83 184.87 +3.8 


The Raritan shows an average excess of 4.2 per cent. over the 
Passaic evaporation. The Hackensack shows a considerable vari- 
ation because of large flow from ground-water, but the average evap- 
oration for eight years is 3.8 per cent. over the Passaic. Our excess 
deduced from temperature is 5 per cent., which is a satisfactory 
agreement within the probable limits of error of the observations. 
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TABLE No. 49. 


Comparison of Delaware Gaugings. 


Computed 
Observed LEyaporation Difference. 
Periods. Rain. Evaporation. for Passaic. Per cent. 
December, 1890, to November, 1891.. 44.94 18.67 22.68 —17.7 


This shows rather less evaporation than our temperature data in- 
dicate. Our computed correction was 11.5 per cent. It suggests 
that our computed average evaporation may be rather more than the 
actual, therefore our computed flows will be somewhat smaller and 
on the safe side. 


TABLE No. 50. 


Comparison of Great Egg Harbor and Batsto Gaugings. 


GREAT EGG HARBOR. 


Computed 

Observed Evaporation Difference. 

Period. Rain. Evaporation. for Passaic. Per cent. 
June, 1890, to May, 1891.........cc000 54.52 30.27 24.30 +25.0 
December, 1890, to November, 1891.. 53.65 29.66 24.60 +20.6 
December, 1891, to November, 1892.. 47.92 30.44 23 20 +31.2 
June, 1891, to May, 1892........08 se 50.38 27.41 23.60 +16,1 

BATSTO. 

June, 1891, to May, 1892.........0.0006 49,19 26.97 23.40 +15.2 


The computed excess over Passaic evaporation on these streams 
was 14 per cent. The above shows an average excess of 21.6 per 
cent., equivalent to a difference of about four degrees in mean tempera- 
ture. All of these streams are gauged at dams, and in this loose 
sand a considerable amount of water undoubtedly finds its way out 
around and under the dams. It is also a fact that an amount which 
is indeterminate follows down the sandy strata underlying the water- 
sheds, all of which dip toward the sea at the rate of about twenty-five 
feet per mile. This water finds its way to the sea without reaching 
the streams at all. These two combined leakages may possibly 
account for the average difference of 1.81 inches per annum, and we 
do not believe that the actual evaporation can much exceed what we 
have allowed, 14 per cent. in excess of that of the Passaic, Croton 
and Sudbury. We are further confirmed in this opinion by the 
observed fact that the excess of observed evaporation seems as large 
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during the winter as during the summer months. It tends to a con- 
stant throughout the year. 

In the foregoing comparison we must not expect too close an agree- 
ment. It would be better if we could take the time to compare 
month by month, for the evaporation computed by the yearly formula 
alone cannot be entirely accurate. The actual evaporation in a given 
year depends not alone upon mean temperature and amount of pre- 
cipitation, but upon the distribution of that precipitation through the 
months. If it is heavy in the hot months the evaporation will be 
greater, and vice versa. ‘The annual evaporation for a given year can 
only be obtained accurately by computing it month by month and 
adding the results. Nevertheless, the above computation is approxi- 
mate and sufficient for our present purpose. . 

Having the above data, it only remains for us to determine the 
ground-water curves for the various typical streams of the State in 
order to enable us to compute the average, ordinary dry and driest- 
season flow, the rainfall for the average year being taken from Table 
No. 2, the ordinary dry year from Table No. 5 and the driest period 
from the above Philadelphia record of 1881 and 1882. We obtain 
these curves of ground-flow from our various series of gaugings of 
New Jersey streams which appear at the beginning of our discussion 
of each class of streams of the State in a later part of the report, by 
means of an analysis similar to that which we made for the Sudbury 
in Table No. 34. Bearing in mind the circumstances which go to 
make up larger or smaller ground-flow from a water-shed, it is 
apparent that we cannot follow out the same classification of streams 
which we adopted for rainfall and evaporation in selecting our 
ground-flow types. Streams which are similar in the topography of 
' their water-sheds and in their underlying rocks must be grouped in 
the same class in ground-flow. The water-sheds of the State lying 
north of the glacial moraine will generally show somewhat larger 
ground-flow than streams of the same type whose water-sheds are not 
covered by glacial drift, while all of the southern New Jersey streams 
will come in the same group. In working out these ground-flow 
curves, I have found those already worked out for the streams of 
which we have long-series gaugings very useful as guides. Gaugings 
for a single year which embraces a good, dry period are sufficient to 
enable us to determine the principal characteristics of the flow from 
ground-storage for a given stream. In fact, even gaugings for a 
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single month during the dry season are an aid to the selection of the 
proper type of ground-flow curve. 

I have found that in general the depletion of ground-water does 
not exceed about 7.5 inches. The minimum gaugings which are 
given in Table No. 42 may easily, with safety, be attributed to this 
ground-flow depletion of 7 inches. Such minimum gaugings indi- 
cate the minimum monthly flow of the stream fairly well, and conse- 
quently they are a valuable guide in selecting the proper type of 
ground-flow curve. We would warn the reader, however, that it is 
best not to put too great confidence in a single record of minimum 
flow, nor even in a series of gaugings which do not cover more than 
asingle year. In such cases it will be safest to be guided by the 
general character of the water-shed, and to select a curve adapted to 
the topographical and geological conditions which exist. The 
ground-flow curve becomes important in estimating the dry-season 
flow, but for water-supply purposes, where the water is to be stored, 
there is no danger of any serious error in making this selection. In 
cases where works are depending upon the dry-season stream-flow 
without storage, much care needs to be used in this selection. 

Plate VI. gives the several types of curves which occur in New 
Jersey. A curve may here be found suited to every case of import- 
ance which we shall meet in the State. In dealing with very small 
streams, a wider variation of ground-flow is met with than is the case 
with larger water-sheds. If a small water-shed lies so high, or so 
much on a slope that the ground-water is drawn to a level lower than 
that of the stream-bed, the stream will run entirely dry and such con- 
ditions may occur in any kind of rock. If, on the other hand, such 
small streams have their beds at a level considerably below the general 
level of their water-shed, they may furnish a phenomenally-large 
ground-flow. The mere inspection of the water-shed will determine to 
which class such a stream belongs, whether of large or small ground- 
flow. 


METHOD OF COMPUTING FLOW. 


Having selected our ground-flow curve, we take from Table No. 46 
our rainfall and evaporation for each month of the average, the ordi- 
nary dry, and the driest years pertaining to the regions in which the 
stream is situated, and, beginning with December, we may with safety 
take the flow to be the difference between rainfall and evaporation for 
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each month until April, since during this period the carrying over of 
snow and ice and the frozen state of the ground make it of little 
importance to take into account the flow from ground-water. Begin- 
ning with April, however, we need to exercise more vigilance, and in 
any month when the difference between rain and evaporation becomes 
less than two inches the ground-flow curve must be brought into use, 
and its use continued until the ground-water again becomes re- 
plenished. We have already sufficiently explained the method of 
procedure when the ground-flow diagram is in use. We have adopted 
this method in all our computations of the flow of New Jersey 
streams which follow. It may be again remarked that our compu- 
tations, although they come very near to the actual flow, in some 
eases neglect a certain percentage of irregular surface-flow, which may 
occur at times when the rainfall is highly concentrated, or the surface 
of the earth is in a less than usual absorbent condition, because of 
freezing or other unfavorable conditions. Even when such is the 
ease, the method is so continuous that any deficiency arising from 
such cause will appear as a corresponding excess in one or more later 
months, and the practical result will not be seriously affected. In 
dealing with the streams of the State hereafter, it will be necessary 
to adopt a slightly more detailed classification than we have used 
heretofore. It will be seen that the stream-flow is affected by differ- 
ences in rainfall, evaporation, and finally in topographical and 
geological conditions which affect the ground-flow, and only such 
streams as agree in all of these respects can be dealt with as one class. 
Where any important number of streams can be brought into a group 
this has been done, in order that remarks and generalizations which 
apply to all may be made with as great saving of space and avoid- 
ance of repetition as is possible. The reader will find in the 
appendices tables of drainage areas, a list of water-powers, and much 
other matter pertaining to all the streams which are hereafter 
discussed. 


KITTATINNY VALLEY AND HIGHLAND 
STREAMS. 


For a detailed description of the topography of this and the other 
classes of water-sheds which we shall hereafter treat of, the reader is 
referred to Volume I. of the Final Report, published in 1888, which 
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contains a full topographical description of the State. The shorter 
descriptions which we shall give here are intended to serve ordinary 
purposes and cover points which are not always included in the report 
referred to. The rainfall used with the gaugings has been obtained 
by averaging two or more stations of the New Jersey State Weather 
Service, and we shall here acknowledge our indebtedness to this ser- 
vice for valuable data which we could not otherwise have obtained. 
No matter how good they may be, stream gaugings without tempo- 
rary rainfall measurements are absolutely worthless for the accurate 
estimation of the probable flow of a stream during periods of extreme 
drought. For purposes of water-supply, the yield of a stream is 
determined by its yield during the driest period, and we have, in each 
case, given what we believe to be the very largest amount which can 
safely be collected by storage from each class of water-sheds. Our 
figures for horse-power always refer to gross or theoretical horse- 
power, unless otherwise stated. In accordance with ordinary prac- 
tice, we have taken the available horse-power to be the amount which 
will be at all times available during nine months of the ordinary dry 
year. We find that the available horse-power will be available for 
about 9 months in 12 excepting once in fifty years, and that it 
will be available throughout the whole of an average year, or for 
more than one-half of the time. In our detailed studies of each 
stream, we shall show from time to time how this theoretical avail- 
able horse-power compares with the amount actually utilized. 

Kittatinny valley and the Highlands, including the boldest topo- 
graphy in the State, generally range from 500 to 1,500 feet in eleva- 
tion. We have selected two types for our estimates of the flow of 
these streams. The first, or ordinary, includes the Paulinskill, 
Musconetcong, North Branch of the Raritan and most of the Passaic 
headwaters. It is the ordinary type. The estimated flow for this 
class of streams is given in Table No. 51. The second type includes 
such streams as the Pequest, the upper part of the south branch of 
the Raritan and others which have flatter water-sheds and a consider- 
able amount of sand and gravel therein, giving a larger flow from 
ground-water. Such streams are the most valuable for water-power, 
as they give a larger flow during the extreme dry months, but, not- 
withstanding this fact, the actual amount of available horse-power 
determined by our rule is no greater than on the first class of 
streams, 
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FLAT BROOK. 


Beginning at the most northerly point of the State and passing 
down Delaware river, the first stream of any importance tributary 
to the Delaware from New Jersey is Flat brook. Its source is near 
High Point, in the Kittatinny mountains, 21 miles from its mouth. 
Its water-shed has an area of 65.7 square miles, 54 per cent. of which 
is in forest. The population is 21 to the square mile. This area 
lies entirely upon the west slope of Kittatinny mountain, being nearly 
‘six miles wide near the source and two and one-half miles near the 
mouth. The stream rises quickly, floods passing over in about 36 
hours. We have no gaugings, but estimate the maximum flow to be 
about 60 cubic feet per second per square mile. The stream gets very 
muddy in time of floods. Its flow is that shown in Table No. 51. 

Water-supply.—This stream is of no importance as a source of 
domestic water-supply. It is remote from all probable demand, and 
there are few opportunities for storage, excepting in the lower valley. 

Water-power.—F rom Table No. 51 we estimate the available power 
on seven feet fall at the grist mill at Peter’s Valley to be 24.15 horse- 
power. Table No. 51 shows the available horse-power for nine 
months of an ordinary dry year to be .069 horse-power per foot fall 
for each square mile. We find the horse-power actually in use here 
is 23.. In the same way we estimate the available power at Flat- 
brookville to be 448 horse-power for each foot of fall. As the 
Delaware rises some 32 feet in great floods at this point, water- 
powers developed near the mouth will be liable to drowning occasion- 
ally from back-water. About 40 feet fall could be utilized at a point 
one and one-half miles above Flatbrookville. This site is at present 
inaccessible, but a railroad is projected to pass through the valley on 
the Pennsylvania side of the Delaware, which will improve the 
facilities for transportation. The amount of power actually in use 
upon the stream at present is shown in the table of water-powers in 
Appendix I. 

PAULINSKILL, 


This stream lies in the main axis of the Kittatinny valley, which 
it drains for 25 miles, from Augusta southwestward to the Delaware. 
The lower 18 miles of the water-shed is quite uniform in width, 
averaging 7 miles, with its western border on Kittatinny mountain 
from 1,000 to 1,200 feet above the stream, and its eastern border on 
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a slate ridge about 400 feet above. The upper part widens out to 12 
miles and has some swampy areas, which have been partially drained. 
The fall for the first 10 miles from the mouth averages 7 feet per 
mile, with little variation; for 20 miles above this it is 8.5 feet per 
mile, also very uniform. The distance by the stream from the 
remotest source to the mouth is about 36 miles. The bottom of the 
valley is blue limestone; the higher portions of the shed mainly slate. 
About 25 per cent. of the area is in forest. Much of the lower portion 
is in permanent pasture, while the ridges are devoted to general farming. 

Swartswood and Culver’s lake have both been utilized as reservoirs 
for mills, and are controlled for a depth of 4 to 5 feet, with extreme 
variations in height of 5.5 feet at Swartswood and 6.5 feet at Cul- 
ver’s. These and other lakes on the water-shed represent a total 
storage of 0.7 inch on the entire water-shed, which storage is allowed 
to flow pretty freely to feed the respective mills. This and the addi- 
tional storage afforded by the meadows near Newton account for a 
very large first-month storage flow. 

From flood-marks at Hainesburgh, the flood-discharge seems to be 
limited to 4,126 cubic feet per second, or 23 cubic feet per second per 
square mile of water-shed. The long, narrow shed below, and flat- 
ness of the upper, broad portion, favor a gradual discharge of surface- 
water. In cases of single heavy showers, the time from the height of 
the shower to the height of the flood at Hainesburg does not exceed 
24 hours. The duration of flood-flows is from 4 to 8 days, although 
the water is not over the river banks much more than one-quarter of 
this time. The discharge reaches 1,800 cubic feet per second before 
the banks are overtopped, or about 10 cubic feet per second per 
square mile. 

The dry-season flow, determined from data as to the run of mills 
in extreme droughts, ranged from 0.126 to 0.130 cubic feet per second 
per square mile, agreeing well with observed minima for other High- 
land and Kittatinny valley streams. 

A gauge was set up at the mill of Messrs. G. C. Adams & Co., at. 
Hainesburgh, about 25 miles above the mouth of the stream, and 
read by Mr. A. D. Cornell. There is a small amount of leakage 
through the dam, but not enough to cause any serious error. There 
are several mills above, but none of them have very large ponds, and 
while they hold back some water, it is not probable that the mini- 
mum flow for any week is very much reduced thereby, although the 
observed minimum for a single day probably is. 
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The accompanying table gives the flow by months, in inches, on 
¢he water-shed, and also the maximum, minimum and average flow 
in cubic feet per second : 


FLOW OF THE PAULINSKILL, 1890-1891. 


Water-shed, 174.8 square miles. 


FLOW IN CUBIC FEET PER 
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For the single full year shown in the above gaugings, the flow ap- 
pears to be remarkably like that of the Croton, Sudbury and Passaic’ 
for the same amount of rainfall. These gaugings, like several others 
given hereafter, serve mainly to satisfy us that the streams obey our 
general law of evaporation and flow, and also to fix for us the 
peculiarities of ground-flow. 

The Paulinskill flow is that shown in Table No. 51. 

Water-supply.—This stream does not promise to ever become im- 
portant as a source of domestic water-supply. Distance from probable 
demand, comparatively low elevation, the agricultural character of 
the water-shed and consequent roiliness in time of flood, together with 
a possible hardness of waters from the limestone bottoms, all con- 
tribute to make it, as a whole, less desirable than some other streams. 
Some branches may be excepted from these statements, as we shall see 
when we come to consider them later. 

Horse-power.—Baleville is the first point where the stream be- 
comes of considerable size by the junction of the east and west: 
branches. The water-shed above this point is 66.3 square miles, 
consequently we find by Table No. 51 that the available power for 9 
months of the ordinary dry year is 4.57 horse-power per foot fall. 
The mills here actually utilize from 6.66 to 11.03 horse-power for 
each foot fall, but there is not more than our estimated power 
steadily in use. Below the mouth of Swartswood lake branch the 
water-shed becomes 102 square miles, and we estimate the available 
horse-power at Stillwater to be 7.04 for each foot fall. From 5 to 
5.7 is actually utilized. The fall from Baleville to Stillwater is 70 
feet, 28 feet of which is improved. Near Swartswood and Emmons. 
stations, on the New York, Susquehanna and Western railroad, sites 
with about 12 feet fall each and about 54 available horse-power 
might be improved. At Paulina we estimate the available power to 
be 8.07 horse- power per foot fall. About 10 horse-power is actually 
in use. It should be noted here that our estimated power is for 24 
hours daily, whereas the succession of mill-ponds along the stream 
afford storage enough to concentrate the entire power into working 
hours, consequently more power than our estimate can be utilized 
from 12 to 14 hours per day. Between Stillwater and Paulina, 42.5- 
out of 70 feet is improved. The remaining fall is much divided, and 
can scarcely be utilized except by increasing the fall of existing sites. 
There is, however, an unused grist-mill site with 9 feet fall at Paulina 
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which should furnish 72 horse-power by our table. The water-shed 
here is 117 square miles. At Hainesburgh we make the available 
power 12.07 horse-power per foot fall. The amount improved is 16 | 
horse-power per foot fall, which is said to be satisfactorily used. 
Between Paulina and Hainesburgh we have 40 feet of unused fall, 
good for about 400 gross horse-power. This could probably be utilized 
at three or four sites. Below Hainsburgh the fall is all developed. 
The grist-mill at Warrington has 8 feet fall, and we estimate 96 
available horse-power. Something more than this is actually required 
to run the present mill, which has a low efficiency. At Columbia 
there is an unused saw-mill site with 13 feet fall and 156 available 
horse- power. 

Swartswood lake.—This lake is utilized for storage for the mill of 
John W. Kean, Esgq., on the outlet. The extreme variation between 
low and high-water levels is 5.5 feet, representing a storage of 121,- 
000,000 cubic feet. Even with the large storage, the flood-flow at 
the outlet has reached 1,070 cubic feet per second, or 65.8 cubic feet 
per second per square mile of water-shed. With this great storage, 
the power at the outlet is a very good, reliable one, always sufficient 
for three run of stone on 17 feet head. The water-shed is 16.3 square 
miles, and this is a good example of successful utilization of a small 
water-shed for power by means of storage. 

The storage amounts to 3.16 inches upon the water-shed. It is, 
consequently, enough to maintain a flow of 0.70 inch monthly, even 
in the driest year, and as this flow can be concentrated into working 
hours, 2.25 horse-power per foot fall will always be available at the 
outlet for 12 hours daily. This is now utilized on 17 feet fall, but it 
would seem feasible to obtain 55 feet by a raceway about half a mile 
in length, giving a very reliable power of 124 horse-power. 

This water-shed might also be utilized for water-supply, for which 
it is much better adapted than the main Paulinskill. With the pres- 
ent storage, it would supply 6,500,000 gallons daily. With storage 
equal to 7 inches upon the water-shed, it will afford a supply of 
about 11,000,000 gallons daily. The elevation is 482 feet. The 
area of the lake is 505 acres. 

Culver’s lake, at Branchville, is also utilized for storage for mills 
It has a storage capacity between extreme levels of 137,000,000 cubic 
feet. The area of the lake is 486 acres; its drainage area is 6.3 
square miles, Within this same water-shed is Long pond, with an 
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area of 299 acres and 2.5 square miles of drainage. Culver’s lake 
may be drawn off 6 feet and affords about 8 inches storage upon the 
water-shed. In addition to this is the natural storage of Long pond. 
There is some 300 feet fall in the 2 miles from the outlet to Branch- 
ville. With the above storage, there is always available 0.74 horse- 
power per foot fall. Ten mills utilize 205 feet of the available fall, 
but 5 of these are not in use. About 1.8 horse-power per foot fall 
is actually in use. As our 0.74 horse-power computed is concentrated 
into working hours, it becomes 1.48 horse-power, consequently these 
mills have steady, reliable power. It would appear that in this case 
it might be easy to transmit the power of these several plants, elec- 
trically, to a single point in Branchville, utilizing 250 feet fall and 
185 horse-power continuous, or 370 horse-power in working hours. 
In this way the present inaccessibility of several of the mills would 
be obviated. These powers have been highly regarded in the past, 
and no doubt justly, as our estimates show. It is an admirable 
instance of a large amount of power obtained from a small water-shed 
with high fall, by storage. 

Culver’s lake is at 850 feet elevation. It would afford a good 
domestic supply of 4,200,000 gallons daily with the present storage. 

Although a considerable amount of power is developed at Lafayette, 
on the eastern branch, the other branches of the Paulinskill do not 
call for special comment. 

Passing down the Delaware, the next stream of importance is met 
at Belvidere. 


PEQUEST RIVER. 


This stream lies at the eastern side of the Kittatinny valley. In 
the midst of its water-shed, Jenny Jump mountain, a ridge of gneiss, 
rises and covers some 17 square miles, the total area of the water-shed 
being 158.2 square miles. The southern and eastern border of the 
area is also on the gneiss, but most of it lies upon the blue limestone, 
and 30 square miles of this is very level, the remainder of the water- 
shed being of about the same slope as the Paulinskill. The length 
of the main stream is 32 miles from its remotest source, near Pink- 
neyville, to its junction with the Delaware river at Belvidere. Its 
principal affluent is Beaver brook, which comes in from the north 2 
miles from the mouth and drains 37 square miles. The fall of the 
main stream for the lower 10 miles is 27 feet per mile; for 4 miles 
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above this it is 2.5 feet per mile; and this brings us to the outlet of 
the great Pequest meadows, which were drained some years since. 
These meadows have an area of about 8 square miles, and before 
being drained they were extremely wet, under water much of the 
time, but they are now being brought under cultivation. In 1885 
they were nearly half in timber, but this is now being cut off. The 
fall of the stream for 54 miles through these meadows is 4 feet per 
mile; the next 6 miles have a fall at the rate of 4.5 feet, and the 
valley continues nearly level to the source of the stream, which flows 
through a chain of small lakes. There is much drift on the basin, 
as it is crossed by the terminal moraine. Forest covers 18 per cent. 
of the shed. A gauge was set up at Belvidere and read first by Mr, 
Clinton Cole, and later by Mr. I. B. Keener. 


FLOW OF PEQUEST RIVER. 


Drainage area, 158 square miles. 


FLOW IN CUBIC FEET PER 
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Rain—Inches, Flow—Inches, 
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December, 1890, to November, 1891.....,....s0cee00« 41.43 20.70 


Comparing these gaugings with those for the Paulinskill, they are 
found to show always larger flow in the dry months, but very similar 
results in the aggregate. In short, the flow from ground-storage 
after the first two or three months of depletion is better sustained on 
the Pequest. The ground-flow curve derived from Passaic gaugings 
was found to agree well with these gaugings, and was adopted for 
Highland and Kittatinny valley streams of this type, the resulting 
estimated flow being shown in Table No. 52. Referring to this table, 
we find all the data of flow, therefore, for the Pequest. 

The surface-flows show much less fluctuation than on the Paulins- 
kill. The floods do not reach a great height, and require more time 
to discharge. The waters from the lower part of the main stream, 
where the slopes of stream and water-shed are steep, discharge first 
and are out of the way before the slow-moving floods from the flat 
upper shed have come down. ‘The height is reached at Belvidere in 
about 36 hours, but the waters are not discharged in less than from 7 
to 10 days. The contracted outlet and small preparation for heavy 
flood-discharges are noticeable at Belvidere. The highest flood-marks 
pointed out indicate a flow of 1,996 cubic feet per second, 12.5 per 
square mile, and this must be the extreme limit. This is a light dis- 
charge for northern New Jersey. 

At Ketcham’s mills, one mile below Townsbury, the flood is said 
to reach its height in from 12 to 24 hours, remain high for two days 
and then recede slowly. Mr. Ketcham thinks the river is more fluctu- 
ating than it was before the drainage of the Pequest meadows, and 
gets lower insummer. Mr. John Green, at the mill just above, thinks 
that the drainage has improved the summer flow of the stream, as 
there is less loss from evaporation than from the great overflowed area 
of former years. ‘The majority of the mill-owners seem to hold the 
latter opinion. The maximum discharge at Townsbury seems to be 
about 800 cubic feet per second, on 83.4 square miles of water-shed ; 
about 9.6 cubic feet per second per square mile. As this point is at 
the outlet of the flat upper shed and the steeper parts are not involved, 
it appears to agree well with the observed discharge at Belvidere. 
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The dry-season flow here has been estimated from the run of mill 
to be about 14 cubic feet per second. This was in the great drought 
of 1881. The rate would be 0.17 cubic feet per second per square 
mile. 

At Tranquility the maximum flood-flow indicated is 650 cubic feet 
per second, or 18.7 per square mile. At Huntsville, the greatest 
known discharge was 605 cubic feet per second, or 19.3 per square 
mile. These last two places are both above the Great Meadows, and 
the increase of flood-flow over Townsbury is apparent, but the drain- 
age area is still very flat. The flood at Huntsville, referred to, re- 
mained very high for two days. The river does not get very muddy 
in floods. 

Green’s pond has a capacity of 10,000,000 cubic feet between its 
extreme levels. This is all natural storage. Hunt’s pond is utilized 
for storage for the mill of T. F. Hunt, Esq., with a capacity of 
7,245,000 cubic feet. Allamuchy pond is also utilized, with 27,000,000 
cubic feet capacity. The flood-flow at its outlet is 40 cubic feet per 
second for 1.7 square miles of steep water-shed on Archean rock. 
With the same area on slate rock, with gentler slopes, Hunt’s pond 
gives a maximum of 43 cubic feet per second. ‘This is another good 
example of the utilization of a very small water-shed for power by 
means of storage. Mr. Hunt has always enough power for one run 
of stone in the dryest weather on 30 feet fall. 

Water-supply.—The Pequest has little value as a source of public 
water-supply. It is generally less roily than the Paulinskill in time 
of flood, but it drains an agricultural country, largely limestone and 
very flat. The water may be expected to be rather hard, and the 
facilities for storage are extremely poor. Considering its remoteness 
from the probable demand, its elevation is also low. It is by no 
means as desirable as the main Delaware itself. 

Water-power.—Its large ground-flow makes the Pequest one of the 
most desirable of the Kittatinny valley streams for water-power. The 
facilities for transportation are good, the Lehigh and Hudson River 
railroad following the entire course of the main stream. 

At Tranquility the available power is 2.33 horse-power per foot 
fall. The head here is 5 feet. There is very little fall available on 
this upper part of the water-shed. From Townsbury down to Bel- 
videre, about ten miles, the total fall is 270 feet. At Townsbury the 
available power is 5.59 horse-power per foot fall. Nearly 11 is utilized 
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with considerable pondage, but not more than the above-estimated 
power is ordinarily used. From here to Butzville there is 130 feet 
fall, 31 of which is in use. The rest could only be utilized by race- 
ways. In half a mile 20 feet fall could be obtained at two or three 
points, the available power ranging from 5.59 to 7.70 horse-power 
per foot fall. From Butzville to the mouth of Beaver brook there is 
70 feet of fall, of which only 6 is utilized. The available power here 
is 8 horse-power to a foot of fall, and some of this might be utilized 
near Bridgeville. Below the mouth of Beaver brook the available 
power is 10.45 horse-power per foot of fall. About 20 feet fall 
could readily be improved at this point, and a power of 210 horse- 
power developed. This is within 1.5 miles of Belvidere, where 42 
feet fall is improved, with a use of 12.4 horse-power per foot fall. 

Beaver brook.—This is the only important affluent of the Pequest. 
It has not much importance at present, being rather inaccessible, 
with few very good sites for mills. At Sarepta the available power 
is 2.34 per foot fall, and there is an unused mill site. At Hope the 
mill has 25 feet fall, and we make the available horse-power 0.63 per 
foot fall. 

Pophandusing brook and. Buckhorn creek belong to the class of 
streams the flow of which is given in Table No. 51. They are not 
important. 

Lopatcong creek belongs also to the ordinary type of this class of 
streams. It is considerably utilized for power, but its flow is mingled 
with that from the Morris canal. Its headwaters above Harmony 
would be available for a small public water-supply. 

At the mouth, there are evidences of a very heavy flood-flow, and 
also at Lower Harmony. It appears to be at the rate of about 133 
cubic feet per second per square mile, 

The minimum flow is apparently 0.38 cubic feet per second per 
square mile at Lower Harmony. The stream here issues from a nar- 
row and very deep ravine in Scott’s mountain, which accounts for a 
large ground-flow. 


POHATCONG CREEK. 


This stream drains an area 23 miles long, with an average width 
of 2.4 miles and an area of 56.2 square miles. The city of Washing- 
ton is within its basin. Pohatcong mountain forms its southeast rim, 
rising from 400 to 500 feet above, and Scott’s mountain its northwest 
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border, rising from 600 to 800 feet. The valley is rolling limestone 
country, highly cultivated, and the ridges just mentioned are gneissic 
and generally wooded. The Morris canal traverses the basin for 
about 12 miles, and is said by the mill-owners to at times draw some- 
thing from the flow of the stream. The leakage from the canal into 
streams is considerable. The flow of the Pohatcong is as shown in 
Table No. 51. 

Water-supply.—By reason of its large population and agricultural 
character, the basin has little value as a gathering-ground for public 
water-supply. Some of the small branches, however, may have 
value for local gravity supplies of limited amount. Brass Castle 
creek is now used as a supply for Washington. 

Notes of flow.—Near its mouth, the stream reaches flood-height in 
one day, remains high one day and runs down in about the same 
time, the duration of flood being about three days. On the lower 
part of stream, the maximum flow seems not to exceed 25 cubic feet 
per second per square mile. The minimum flow falls to about 0.14 
cubic feet per second per square mile. 

Water-power.—The stream is chiefly valuable for power, 493 gross 
horse-power being in use, mostly by grist or flouring mills. Five 
lines of railway afford transportation. 

At Carpentersville, near the mouth, the available power is 3.86 
horse-power per foot of fall. About 4 horse-power per foot fall is 
utilized at the saw-mill. At Springtown, 3.73 horse-power per foot 
fall may be had. An average of 4.1 is improved at the mills here. 
Between the saw-mill at Carpentersville and the next mill above, 
about 30 feet fall is unimproved. A power of 114 horse-power could 
be developed here. At Springtown and above, to Levi Cressman’s 
mill, the fall is quite well utilized, and the developed horse-power is 
generally close to our estimated available power. Above Cressman’s, 
the valley becomes flat and no facilities exist for the development of 
important power. 


MUSCONETCONG RIVER. 


This stream has a long, narrow water-shed in the Archean High- 
lands. The higher ground is Archean rock, quite well covered with 
soil; the valley bottom is limestone, with some slate in the foot-hills. 
The width at the mouth is 2 miles, very gradually increasing to 4 
at Hackettstown, 26 miles up the valley, then narrowing to less than 


142 GEOLOGICAL SURVEY OF NEW JERSEY. 


3 to 6 miles farther up, at Waterloo. On these 32 miles of the course 
the stream flows at the southeast side of a very straight valley, above 
which the hills rise from 400 to 500 feet. Just above Waterloo the 
main stream comes into the valley from the plateau southeast, while 
the upper part of the straight valley is occupied by the principal 
affluent, Lubber’s run. The combined sheds of the two forks widen 
out to 6 miles, and extend 12 miles northeast from Waterloo. This 
upper area is quite largely covered with drift, and is more wooded 
than the lower parts. Lubber’s run has 87 per cent., and Lake 
Hopatcong 94 per cent. of its area in forest. On both branches there 
has been a considerable amount of storage utilized by the Morris 
canal to feed that water-way. Lake Hopatcong has a drainage area 
of 25.4 square miles, and has been raised by a dam at the outlet so as 
to give a storage of 1,100,000,000 cubic feet. This storage is used to 
feed the canal in both directions, so that some of the waters of the 
Musconetcong are diverted to the eastern slope of the State. “It is 
stated than the Stanhope mill has rights to the original power at the 
outlet, and that an opening of 10 by 36 inches is kept for the pur- 
pose of supplying the mill.” (Newark Aqueduct Board, report on 
Additional Water-Supply, J. J. R. Croes and George W. Howell.) 

Stanhope reservoir, two miles below, affords additional storage. 

On Lubber’s run, Cranberry reservoir and Bear ponds are utilized 
for storage. This complicates the flow of the stream somewhat. 
There is naturally much disagreement between the canal company 
and the many mill-owners on the lower part of this valuable water- 
power stream. It is evident, from the diagram of this year, that the 
flow has been kept up during the dry months by allowing some water - 
to run from storage. How it may be in very dry years is not evi- 
dent, of course. There is a marked difference of opinion among the 
mill-owners themselves as to whether they are benefited or injured 
by the storage. The table which appears below shows the effect of 
storage, not only in the dry-season flows, but in the cutting down of 
flood-flow, as compared with other streams. 

The source of this stream is in the Sparta mountains, near the 
Pine swamp, 52 miles from the mouth. The fall for the lower 8 
miles is 16 feet per mile; the next 22 miles, from Hackettstown to 
Bloomsbury, have 12 feet per mile; from the mouth of Lubber’s 
run to Hackettstown, 8.5 miles, the fall is 16 feet per mile; while 
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from Lake Hopatcong down to the valley of Lubber’s run, the 
stream falls 55 feet per mile, for 5 miles. 

At Finesville, it appears, from the statements of Messrs. Taylor, 
Stiles & Co., that the river has not run much lower in the pre- 
vious six years than the recorded gaugings indicate. It requires four 
hours for the water to reach here from the mills just three miles 
above, which would indicate a velocity of 0.75 mile an hour. The 
maximum flood-flow, indicated by high-water marks here, is 1,960 
cubic feet per second, about 12.8 per square mile, which seems very 
small, but is apparently correct. An ordinary flood discharges about 
1,500 cubic feet per second. It should be noted that the extremely 
narrow lower shed and storage on the upper area both contribute to 
reduce the rate of discharge. 

At Bloomsbury, Mr. F. G. Hoffman places his dry-season power 
at a rate equal to about 70 cubic feet per second. 

At Imlaydale Mills, Mr. 8. 8. Cramer has a well-equipped mill 
which indicates a low-season flow of a little less than 56 cubic feet 
per second. 

At Stephensburg, the mill can run two run of stone about all the 
time, indicating a flow of 35 cubic feet per second. 

At Hackettstown, Mr. Lewis J. Youngblood reports that he has 
not stopped his mill more than 30 days since 1863 for lack of water. 
He runs three run of four-feet stones, on 9.5 feet fall, with a breast- 
wheel. He uses about 70 cubic feet per second, and has a consider- 
able pondage. At the saw-mill above, 12 horse-power was obtained 
all through the drought of 1881, on 8 feet fall, indicating a flow of 
26 cubic feet per second. ‘The stream here is said to reach its height 
24 hours after a heavy rain, and requires two weeks to run down to 
its ordinary stage. At Saxton Falls, where the Morris canal and the 
river finally separate their flows, the flood-flow of the river is 1,080. 
cubic feet per second, the water-shed being about 68 square miles. 
This is at the rate of 15.9 per square mile, a low rate, agreeing with 
that at Finesville. } 

A gauge was set up at Finesville, at the mills of Messrs. Taylor, 
Stiles & Company, and taken in charge and carefully read by these 
gentlemen. These gaugings are believed to be very close to the truth, 
the overfall being favorable to good results. Several gaugings of 
the Morris canal flow were also made. The accompanying table 
gives the results : 
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FLOW OF THE MUSCONETCONG AT FINESVILLE. 


Drainage area, 155.8 square miles. 


: FLOW IN CUBIC FEET PER 
g g SECOND. 
3 3 
MONTH. Rs 4 3 3 
| & Be 2 
= PB estes ace celia 
a ey & 4 <q 
1890. 
Hebruary W2th tor2sthis..s.<racceeses EO 1.41 512 227 348 
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WeCemPer, nies iva tcosee.+stuesceeset dns 3.07 On 384 72 130 
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DeCOMbEer «toc ssesveavecsssyarcescsiccstey 4.85 1.35 DIO Seceseaceens 184 
Motalfor WSOU KT cswccences seca etes 44.47 D770. | coca «clsvsee|sececsessoce Setatnesesee 
May Ist, 1890, to April 30th, 1891...| 50.79 22:5 cilmoseccsesecdlccssecxeseeel aacewe asec 


Our studies of Morris canal draught indicate that the reservoirs of 
Lake Hopatcong, Stanhope, Bear ponds and Cranberry reservoir 
practically utilize and divert the flow of 34 square miles of the above 
drainage during the year, or 22 per cent. of the whole. Correcting 
for this, we have the following results : 


Rain. Gauged Flow. True Flow. 


June, 1890, to May, 1891.........)....cc0006 46.35 20.54 25.07 
December, 1890, to November, 1891...... 42.69 18.08 22.04 


This shows similar results to those of the Paulinskill and Pequest 
gaugings. 
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A detailed analysis of these gaugings shows that without storage 
the natural flow of the stream would be as shown by Table No. 51. 
Our estimates, consequently, ignore any advantage or disadvantage 
which may result from the storage and draught of the Morris canal 
works. 

Water-supply.—The population of this water-shed is 71 to the 
square mile, The percentage of forested area is 39. The portion of 
the water-shed lying above Hackettstown is a desirable source of 
water-supply, and we may even include all above New Hampton. 
At this point the waters could be drawn off at an elevation of 400 
feet above tide-water. A tunnel about one and one-half miles long 
would carry them to the eastern slope of the Highlands, whence they 
couid be conducted to the populous districts eastward. 

The drainage above embraces 122.4 square miles, 25.4 square miles 
of which is already provided with storage in Lake Hopatcong, leay- 
ing 97 square miles to be provided with 7 inches storage, or 
11,799,000,000 gallons in all. Sites for storage may be found along 
the main stream and in the valley of Lubber’s run. With this stor- 
age, the water-shed would supply 81,600,000 gallons daily. With- 
out storage, the stream will supply 9,914,400 gallons daily at New 
Hampton at all times. 

Above Hackettstown, the drainage area is 74.6 square miles. 
Seven inches storage will require 5,985,000,000 gallons in addition to 
Lake Hopatcong, and the total supply will then amount to 49,700,000 
gallons daily. Without storage, it will not exceed 6,042,000 gallons 
daily. The elevation of intake of this supply would be 560 feet. 
Some three miles of tunnel would conduct it to the South Branch of 
the Raritan, at German Valley, to be combined with a supply from 
this water-shed for eastern and southern cities. 

Lake Hopatcong has a water-shed of 25.4 square miles, lying high 
in the gneissic Highlands, the elevation of the lake being 926 feet 
above tide. Its waters are diverted to both the eastern and western 
slopes of the State to feed the Morris canal, consequently they could 
very readily be utilized for the supply of eastern cities, preferably by 
using them to augment the supply from the Rockaway or the Raritan 
headwaters. The area of the lake is 2,443 acres. It affords con- 
siderably more than double the necessary 7 inches of storage. It 
will therefore furnish a daily supply of 16,900,000 gallons. Forests 
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cover 94 per cent of its water-shed and the resident population is 
nominal. It has, for some years, been quite a popular summer 
resort. | 

Gaugings of the Morris canal during October, 1890, showed a 
draught of 73.5 cubic feet per second, 55 of which was going east- 
ward and 18.5 westward. The westward flow into the stream was 
about 36 cubic feet per second. The canal flow below Saxton Falls was 
36.4 cubic feet per second, showing further draught from Stanhope 
and Cranberry reservoir, the canal and river flows being much 
commingled above this point. At Washington the westward flow 
was 41.4 cubic feet per second, showing that the leakage was more 
than made up by further draughts from small streams. 

Lubber’s run has 24,1 square miles of drainage, 87 per cent. of 
which is forested, and only 15 inhabitants per square mile. With 
7 inches storage it would afford a good supply of 16,000,000 gallons 
daily, but it can scarcely be of importance excepting as a part of the 
larger supply at Hackettstown already noticed. The other branches 
of the Musconetcong are small and unimportant. 

Water-power.—As may be seen in our table of net horse-power by 
water-sheds and by industries, in Appendix I., the Musconetcong is 
largely utilized for water-power, showing 2,042 net horse-power in 
use. At Finesville, the water-shed being 155.8 square miles, the 
available power from the natural flow is 10.75 horse-power per foot 
of fall. At Warren Paper Mills it is 10.45 per foot fall. The 
amount actually utilized at the fine mills of the Warren Manufactur- 
ing Company is from 11 to 18 horse-power per foot of fall. Our 
estimate of 10.45 is for continuous power, day and night. It should 
be noted that the succession of mill-ponds up stream serve to con- 
centrate the power into working hours, thereby making the 18 horse- 
power per foot fall available for 12 or 14 hours per day. The War- 
ren Paper Mills have 48 and 27 feet fall, respectively. Of the 130 
feet fall from Bloomsbury to the mouth of the river at Riegelsville, 
126 feet, or practically all, is thoroughly improved excepting at 
Jacoby’s mill seat, where 9 feet fall once in use is now idle. 

At New Hampton, we estimate the available power at 8.44 horse- 
power per foot fall. This makes it about 9 horse-power at Asbury 
and 10 horse-power at Bloomsbury for 24 hours daily. The amount 
improved is 9.5 at New Hampton, 11 at Asbury and 18 at Blooms- 
bury. This is successfully used for 12 to 14 hours daily. About 40 
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feet fall is unimproved between Bloomsbury and Asbury, good for 
400 horse-power, and conditions are favorable for its development 
near Bloomsbury. Between Asbury and New Hampton, 20 feet fall 
is unimproved. The valley is flatter here than at the lower site and 
conditions less favorable for utilization. 

At Hackettstown, we make the available power 5.15 horse-power 
per foot fall. About 9 horse-power per foot fall is utilized at 
Stephensburg and Hackettstown. Of 70 feet fall between Stephens- 
burg and New Hampton, 26 is improved, but the remainder is 
scarcely available for new sites, although some of the old ones might 
have their fall increased considerably. Of 100 feet fall between 
Stephensburg and Hackettstown, 38 is utilized. Just above Stephens- 
burg, about 30 feet of the remainder could be developed. 

It will be noted that the power actually in use on the Musconet- 
cong ranges closely to 1.8 times our estimated available power, being 
generally concentrated into working hours by holding back in the 
mill-ponds. 


WALLKILL. 


This stream drains the northeastern portion of the Kittatinny val- 
ley for a distance of about 15 miles from the New York line, and 
also a part of the northwest margin of the Highlands. Its source is 
in Sparta mountain, about 3 miles east of Andover and 21 miles 
from the point where it leaves the State. The lower 10 miles of its 
course is through very flat meadows, the head of the great area of 
flats known as the drowned-lands, in New York. The water-shed is 
a complex one and will be best understood by reference to the topo- 
graphical maps of the State. Above Franklin Furnace, it is essen- 
tially a highland stream. This portion and the various branches of 
the Papakating have the flow given in Table No. 51, but for the 
lower part°of the stream Table No. 52 is probably better adapted. 
The flood-flows are not high, measurements at Hamburg indicating 
only 15 cubic feet per second per square mile. 

Water-supply.—Most of the Wallkill water-shed is badly adapted 
to become a source of public water-supply. The portion above 
Franklin Furnace, however, is unobjectionable. The area of this is 
3).3 square miles. It has on it several ponds. Morris pond lies in 
the Highlands east of Sparta, has an area of 136 acres and a water- 
shed of 1.5 square miles. It was originally improved to supply 
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power to a forge at Sparta and is controlled for storage to a depth of 
10 feet. From its own immediate water-shed it will supply 999,000 
gallons daily, but 2.4 square miles additional may easily be made 
tributary to it and, in fact, has already been partly led into it. This 
increases the available supply to 2,600,000 gallons daily. It is now 
proposed to use this as a source for a gravity supply to Newton, and 
it promises to afford, in all respects, an excellent one. Losee pond 
is upon the Highlands also, southeast of Franklin Furnace, has an 
area of 137 acres and is said to have a maximum depth of 10 feet. 
It was built as a reservoir for power at Franklin Furnace. Still 
farther northeast on the Highland plateau are Sand and Mud ponds, 
in Hamburg mountain. The former was used as a reservoir for 
power at Hardistonville, has an area of 32 acres and may be drawn 
down about 2 feet. This water-shed above Franklin Furnace would 
furnish, with 7 inches storage, a supply of 20,800,000 gallons daily. 
It is inaccessible to probable points of demand. 

Water-power.—The lowest point upon the main stream at which 
power can be developed is at Hamburg. The drainage area above 
this point is 50 square miles, and we estimate the available horse- 
power at 3.45 per foot fall. At the well-equipped mill of W. H. 
Ingersoll, the amount improved is 5 horse-power per foot fall. There 
is sufficient pondage above to make this amount available during 
working hours. At the paper mill, there is a site with 24 feet fall 
not at present in use, where the improved power is 3.25 horse-power 
per foot fall. Our estimate would make 83 horse-power available 
here for 24 hours per day. There is also an old forge site not in use 
which is said to have about 15 feet fall and for which we estimate 51 
horse-power available. At Franklin Furnace, we make the available 
power 2.16 horse-power per foot fall. Between this point and Ham- 
burg 60 feet of fall is unimproved. 

On Papakating creek there is no fall available until the water-shed 
becomes too small to develop any considerable amount of power. 
Most of the branches are of little importance, but Clove river assumes 
considerable importance as a power-stream, because of its being ina 
region otherwise quite bare of water-power. It rises in Kittatinny 
mountain, and on one of its headwaters, Sand pond, at an elevation 
of 1,302 feet, has been improved as a reservoir for the mills below. 
Its area is 65 acres, and it may be drawn down 8.5 feet. It has a 
drainage area of 0.7 square mile. Measurements of flood-flow from 
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reported high-water marks give 67 cubic feet per second, which is at 
the rate of 96 cubic feet per second per square mile. Clove river is 
said to become very muddy in floods, and it undoubtedly has a very 
heavy flood-flow, although we have no gaugings. The area drained 
above Deckertown is 20 square miles, and we estimate the available 
horse-power at 1.38 per foot fall. Mill-owners here claim that they 
can always obtain power at the rate of .03 horse-power per foot fall 
per square mile. The power improved ranges from 2.5 to 3 horse- 
power per foot fall. In all, 259 horse-power is in use in the Clove. 
The other branches of the Wallkill in New Jersey are mostly of 
small importance. Wawayanda lake, on one of the tributaries of 
Pochuck creek, lies at an elevation of 1,152 feet in the Highlands. 
{tis now part of a sportsman’s preserve. Its area is 240 acres, and 
it receives the drainage from 6.5 square miles. This is one of the 
frequent examples of high development of a small water-shed for use 
in iron manufacturing. At the outlet there is a stone dam 225 feet 
long, 13 feet high and 24 feet thick at the top. The lake may be 
drawn down to a depth of 8 feet, affording about 3.5 inches storage 
upon its water-shed. On the outlet there was formerly a saw-mill, 
and a charcoal blast furnace said to have been built in 1845, and 
purchased in 1857 by the Thomas Iron Company. In this year it 
was blown out, and has not since been in blast. The saw-mill had 
18 feet fall, and the furnace 35 feet fall. With the storage afforded 
by the lake, a flow of 1.25 inches monthly could be maintained 
throughout an ordinary dry year, making the power .78 horse-power 
per foot fall for 24 hours daily, giving 14 horse-power at the saw- 
mill, and 27.3 horse-power at the furnace. As this could be con- 
centrated into working hours, they, of course, become 28 and 54 
horse-power respectively. The pondage was further increased by a 
large saw-mill pond, 1.5 miles up stream, the dam of which is said to 
have broken out about 35 years ago. As the outlet of the lake has a 
fall of 460 feet within a distance of 1.5 miles above where it crosses 
the State line, it will be seen that it would be possible to develop a 
large amount of power, upward of 300 horse-power continuous, at a 
point convenient to stations on the Lehigh and Hudson River railroad. 
Such a power, although on a small water-shed, would be more reliable 
than many powers of equal amount on much larger streams with a 
Jess amount of fall. 

Wawayanda lake, with its present storage, will afford a continuous 
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supply of 2,769,000 gallons daily of water which should be pure and 
wholesome. It is remote from probable demand at present. 

Decker pond is on a small branch of the Wallkill, in Pochuck 
mountain. It has an area of 76 acres, and may be drawn down 4 
feet, having been used for mill-power on its outlet. Roe, or Car- 
penter’s pond is also on Pochuck mountain, has an area of 23 acres, 
and may be drawn down 2 feet. It affords storage for the mill at 
Glenwood. 

The remaining streams of the Highlands are tributaries of the 
Passaic and Raritan, and we shall defer their consideration until we 
take up these water-sheds, as it will be more convenient to have them 
appear in connection with their respective drainage systems. Like 
the other streams of their class, however, their flow is that shown in 
Tables Nos, 51 and 52, 


PASSAIC RIVER. 


The best understanding of this water shed may be had by reference: 
to the map of the State accompanying this report, or, still better, to 
the larger topographical atlas. 

The Passaic is our most valuable stream from every point of view. 
By a fortunate coincidence, its headwaters afford our very best gath- 
ering-grounds for public water-supply, and at the same time are the 
most accessible to the points of greatest demand. 

The head of tide-water is at Passaic, 13.5 miles above the mouth, 
on.Newark bay. At the foot of Dundee dam, 4 miles above, the 
stream is 6 feet above mean tide. Just above the head of tide, Sad- 
dle river comes in from the northern red sandstone plain, rising in 
Rockland county, New York, and draining 60.7 square miles, of 
which 28 per cent. is in forest. Dundee dam raises the river to 27 
feet elevation, and at the foot of Passaic falls, 7.25 miles above, it is 
40 feet above mean tide. Excepting Saddle river, only a few small 
branches are received below this point. At the falls the river leaps 
sheer 70 feet over a reef of trap rock, at a depression in First moun- 
tain. From the top of this fall to the foot of the series of falls and 
rapids known as Little Falls, the rise is 8 feet. Here there is a fall 
of 40 feet in three-quarters of a mile, over another trap reef. This is. 
the outlet of the Passaic valley proper, a flat-bottomed valley between: 
the First and Second mountains and the southeastern foot of the 


. } : : r . - . \\ “ ie 
> A Eos ; , * yf ati : Woe ; 


a ps af 
: i eet 
o =? i 7 o i 
‘ 


We 


ABOVE PASSAIC FALLS, 


GREAT PIECE MEADOWS ON THE PASSAIC. 


WATER-SUPPLY. 151 


Highlands, 8 to 12 miles wide and 32 miles long. This-valley is 
covered with masses of glacial drift at various points, and has large 
areas of flat meadow. Three miles above Little Falls, and at about 
the same elevation with the head of the falls, the slope of the stream 
being very gentle, the Pompton river comes in from the north, being 
formed, as we have already seen in the study of those streams, by 
the confluence of the Ramapo, Wanaque and Pequannock at Pomp- 
ton, 6 miles above the confluence with the Passaic. In these 6 miles 
the Pompton has a total fall of 10 feet. 

Just above, on the main stream, lie the Great Piece meadows, 
through which the Passaic flows in a tortuous channel, spreading its 
waters, in time of flood, wide over the area, to stand for days and 
weeks until they can find an outlet at Little Falls, through the restricted 
passageway which is now being deepened and improved for the better 
drainage of this valley From the mouth of the Pompton to where 
the Rockaway and Whippany are received from the west, 12.5 miles 
above, the fall is only 3 feet. The Whippany also has great meadows 
just above its mouth, over which its waters spread in floods. For 9 
miles above the mouth of the Rockaway the Passaic has a fall of 4 
feet; 5.5 miles above Lower Chatham bridge has a fall of 36 feet; 
about 6.5 feet per mile. Above this the stream has a drainage area 
of 100 square miles, most of which is very flat, although the head- 
waters are in the Highlands at Mendham, 23.5 miles above Chatham, 
by the stream. The total length of the stream which bears the name 
Passaic, from Mendham to the mouth, is 83.5 miles, measured by the 
stream. From source to mouth, in a direct line, is only 26 miles. 

The area of the entire water-shed is 949.1 square miles; of this, 
510 square miles is on the Archean Highlands; the remaining 262 
square miles above Little Falls is in the Central Passaic valley, on 
the red sandstone, and the rest of the water-shed on the trap ridges 
and the lower eastern red sandstone plain. 

We have, by the courtesy of several users of water-power, been 
able to obtain measurements of flow covering a period of 17 years 
and a very wide range of rainfall conditions, from 70.88 to 37.03 
inches annually. These gaugings were at Little Falls and points 
below and have been carefully reduced, compared and adjusted, two 
series being for several years contemporaneous. The results we have 
much confidence in. They are consistent and bear the test of close 
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analysis as well as any series of gaugings we have. They have already 
been printed in the collection of long-series gaugings, on which we 


base our formule of flow: 


NUMBER OF DAYS PASSAIC STOOD AT GIVEN STAGES DURING SEVENTEEN YEARS 
(6,209 Days). 
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The flow was above 3.65 cubic feet per second per square mile an 
average of 47 days yearly ; above 4.86 cubic feet 29 days yearly; 
above 9.72 cubic feet 4.3 days yearly, and above 14.6 cubic feet per 
second per square mile only 8 days in the whole period. This table 
makes it appear that our estimated available power, as we compute it, 
is really available an average of 9 months in the year. 
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BLOODS ON THE PASSAIC AT DUNDEE DURING SEVENTEEN YEARS, IN THE ORDER 
OF MAXIMUM FLOW. 


Area of water-shed, 822.7 square miles. 
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September 25th, 1882....... 18,265 66 hours.| 8 days. 7,101 3.71 
December 12th, 1878........| 16,592 60. NS Sure 6,878 3.47 
February 14th, 1886....,.... 12,452 BO ees Saas 5,729 3.00 
January 3d, 1888............. 11,880 6S ole 5,295 2.77 
January 24th, 1891.......... 11,701 | 60 « gM 4.902 2.56 
March 14th, 1893............ 11,245 Gomme eae 6,590 3.56 
May 6th, 1893.....000cccccc00. 1155 | 72 “ g « 5,285 2.77 
September 21st, 1888........ 11,126 (oes 8s 5,532 2.89 
April 29th, 1889 ........2..... 10,967 Go PG Simic 5,020 2.63 
March 29th, 1877............ 10,781 COM: oe 5,594 2.93 
April 8th, 1886.............6 10,425 ofa, 8.0% 4,850 2.54 
March 3d, 1882.00.00. 00000... 9,800 | 48 « 7 « 4,106 2.15 
November 10th, 1877........ Se || aw i 9 5,418 2.84 
November 29th, 1889........ 9,540 Die fey oe 4,756 2.49 
March 23d, 1888.............. 9,015 AS eit? Sac 4,432 2.32 
December 19th, 1888......... 8,917 Gm Omer 3,578 1.87 
Augusto, 1889.......00<.--0s 8,825 GOmias SS 4,508 2.36 
April 8th, 1888.............-. Apa Holi, ee RON Niece a pie PRP nye eS EY Ty er 
February 20th, 1884......... Sr Odcgircs (ns She Ceo eG yet eae ieee 
February 24tb, 1878......... 8375 | 60. 7K 3.789 1.98 
September 19th, 1889........ 8,331 Oa eal ee. Succ mn Blea sdrce ys coon oerencaieans 
January 14th, 1891........... BOA IodSa-cAoachidod asacaobonghonc:| Iceraniend sas00) Hapbenkoseon 
January 138th, 1898........... 8,160 (ORE ES Om 5,443 2.85 
April 20th, W879)... <.scsses. 8,052 Goma me 3,836 2.01 
March 12th, 1881........:... SOD Fai he tea taelvows te acnese race soecol tecerececdetren|-cenecee sh. 


Of the above floods those which lasted more than eight days were 
complicated by two or more storms. The others are the result of a 
single heavy storm. The end of the flood was taken to be the sub- 
sidence of the stream within its banks, corresponding to a flow of 
about 4,000 cubic feet per second. The total volume of flow in cubic 
feet is about 6 per cent. less than above at Little Falls. The maxi- 
mum flow is no less. In the great flood of 1882 it appears to have 
been 19,060 cubic feet per second, or somewhat greater than above. 

A study of flood-flows of other streams of the same size shows the 
effect of the great reservoirs of flat Jand in the central valley, and the 
throttling down of these Passaic floods by the restricted outlet at 
Little Falls, The Raritan in the great flood of 1882 reached a maxi- 
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mum of 52,000 cubic feet per second in about 24 hours, and in 64 
hours, or before the Passaic had reached its maximum, it had dis- 
charged the whole flood, whereas the Passaic required 8 days for 
such discharge. The area of water-shed above the dam below Bound 
Brook, where these Raritan gaugings were made, is 879 square miles 
against 822 square miles for the Passaic at Dundee. Gaugings of the 
headwaters of the Passaic show that they too discharged their full 
flood-flow into the central valley in 64 hours. After this time they 
continued to flow about bank full, or a little less, and their discharge 
into the central valley from this time until the Passaic flood was over 
at Dundee, I estimate to have been at above 3,000 cubic feet per second 
for 8 days, less 64 hours flood, less 1 day required for their water to 
reach Dundee. They consequently added to the Passaic flow at. 
Dundee, by their ordinary flow during the subsidence of the main 
stream, 1,123 million cubic feet, or 0.58 inches on the water-shed. 
Deducting this from the 3.71 inches above given leaves 3.13 inches 
on the water-shed as the actual flood-flow of the Passaic. The total 
flood-flow of the Raritan discharged in 64 hours equaled 3.36 inches 
upon the water-shed. This shows us that, while the maximum flow 
and the time of delivery varied greatly, the total flow was about the 
same. 

The flood of 1882 was probably the highest of this century, con- 
sequently more flocd-marks are preserved, and a better recollection 
prevails of this than of other floods. By inquiry and comparison of 
data of other floods which I have obtained, I have been able to con- 
struct a fairly-accurate history of this flood. The waters began to. 
rise at Dundee and Little Falls in the afternoon of the 22d, and rose 
steadily for 33 hours, when they reached 16,049 cubic feet per second. 
They then fell off for about 10 hours to 13,000 cubic feet per second, 
and then rose until they reached a maximum, 66 hours after the 
beginning of the rise, of 18,265 cubic feet per second at Dundee and 
19,100 cubic feet at Little Falls. The upper branches appear to have 
discharged their flood-waters into the central valley within 72 hours, 
and to have subsided within their banks. They reached their maxi- 
mum discharge in from 20 to 40 hours after the beginning of the 
rise on the Passaic. In the following tables the maximum flows are 
obtained from well-defined flood-marks at dams. The total discharge 
is estimated to be 3.13 inches on the shed, as already determined. 
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DIAGRAM OF PASSAIC FLOODS. 


Full Line-Height at Dundee. Broken Line- Height at Little Falls. 
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FLOOD DISCHARGE INTO CENTRAL PASSAIC VALLEY. 


September, 1882. Time, 72 hours from rise. 


Maximum Flow, Cubie Total Discharge, 


Stream. Area, Feet per Second. Cubic Feet, 

RATAAP Ores voce sescoss ssh eectonese ices ese 160 10,540 1,163,000,000 
Wana erecs.sscassaveseressocuses sce 101 6,666 734,000,000 
ROQUATINOCK eescsenseionees sees et es 85 4,460 618,000,000 
IP OMPLOWscsdseiesssescsssesss chs ccceenes SE te en es 247,000,000 
ROCKAWAY cores sseselesassseceoeseos ere 118 4,800 858,000,000 
AVY IP PAD Yo octets. esceoesa esse ores Doe YO Bes 182,000,000 
WippersPassaic:cver..cce-teaceosesscs LOO DAaeie dn cree 727,000,000 
Conindl OV alleys... scccscsseseeash ess USO): oe Se Gncpicd J,091,000,000 

Potalais.seascesessssaessecnes (Uio%es Me nce eee 5,620,000,000 


The Pompton reached its maximum flow at Two Bridges in 30 
hours, and I estimate that this was about 16,000 cubic feet per second. 
The Ramapo maximum was reached in 24 hours, and the Wanaque 
at about the same time, the Pequannock being somewhat earlier. The 
Passaic discharged in 72 hours at Little Falls 2,572,000,000 cubic 
feet, so that there must have accumulated in the flats 3,048,000,000 
cubic feet. The rise at Two Bridges was 14.6 feet above the level of 
the dam. If we consider the flood-lake above this point level, it 
would have a capacity of 2,294,000,000 cubic feet. On the other 
hand, if we join all the high-water marks in the valley, we shall have a 
sloping surface and a capacity of 4,000,000,000 cubic feet. Neither 
of these gives the actual volume of accumulated waters, since highest 
water did not occur at all points simultaneously. The true amount 
was somewhere between the two, and undoubtedly not far from what 
we determined above, or 3,048,000,000 cubic feet. This accumulation 
was discharged during the remaining five days of the flood. The first 
maximum of the flood at Dundee was undoubtedly from the Pompton. 
Somewhat before the Rockaway at Boonton or the Upper Passaic at 
Chatham had reached their maximum discharge, the Pompton reached 
its maximum at Two Bridges. This maximum cannot be delivered 
by the Passaic until it has reached a height of 13 feet at Two Bridges, 
consequently the Great Piece must be filled up to this level. The 
waters of the Pompton rushed back up the Passaic toward Pine 
Brook to restore the equilibrium, and when this was accomplished 
the Passaic at Little Falls reached its first maximum. It then began 
to fall slightly until the settling down of the waters from the upper 
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meadows raised the head at Two Bridges, and consequent discharge at 
Little Falls to its maximum, some 33 hours after the first rush from 
the Pompton had culminated. The fiow then steadily receded for 5 
days until the accumulated waters had been withdrawn off the flats. 
A diagram of this and other high floods is shown in Plate VII. 

Dry-season jflow.—The lowest monthly flow shown by our record is 
in October, 1881, amounting to 0.22 inch on the water-shed. 

On October 10th, 1878, Messrs. Croes and Howell gauged the flow 
at Paterson during a very low stage of the river. They found it to 
be 195 cubic feet per second, and remark that it did not vary appre- 
ciably from this for ten or twelve days. (Newark Aqueduct Board, 
Report on Additional Water-Supply, 1879, J. J. R. Croes and George 
W. Howell, page 35.) This is at the rate of 0.28 inch on the water- 
shed for the month. 

In September, 1883, Mr. Lebbeus B. Ward found the flow at Pat- 
erson to be at the rate of 150 cubic feet per second, which is at the 
rate of 0.21 inch per month. 

The last appears to be the very lowest point reached by the stream 
under natural conditions for so long as three consecutive weeks. 

In September, 1894, our observations show a minimum flow at 
Dundee for about a fortnight at the average rate of 138 cubic feet per 
second. About 8 per cent. of the flow had at this time been diverted 
for the supply of the city of Newark, consequently this gives the 
same rate as that observed by Mr. Ward in 1883, which may be - 
regarded as the minimum flow under natural conditions. It is at the 
rate of 0.19 cubic foot per second per square mile of water-shed. 

Table No. 53 has been computed to show the flow of the Passaic 
for typical years. 


157 


WATER-SUPPLY. 


*poys-IoyeM JO aftur orenbs yous OJ [[eF JO JOO} oulo AJ o[quiTwae oq [TM oMod-os10y FF’ ‘OVUT} OfOYA Oy Jo “yueo zed gy noqe pu ‘reek LIp 


AiBUIp1o Ue JO SYJUOU 6 10/7 


“sYJUOUL BT JO porsed wv ‘roquioj}dag 0} [rd y wos [[NF oq JOU pfNOA sITOAIASeI YOns porsioed ysetap oy} UT 


“o[ Tur 


arenbs rod suo[yes Qze‘TEg‘OSl 40 ‘Seqout ZG"), st “e[rur orenbs aod ATrep suoyyed FE0‘999 10 ‘tanuUL 10d soyoUr FT OzI[IyN 0} popsou o8e10}g 


‘TG ‘ON O1QBI, OSN SOTIVINGI PUBTUSTH IO « 


Ge'6L 69° PEL 69°e 0’ 1 08° 99'[ 9¢'T ELS 0g'¢ 6¢° CZ CEE CICS ARG Te OSC OCU NE 1 (0) SUTMOy sayouy 
VOOR |66 (GST GOI 079 IZET M06 E 190° ITS |AGE 1eSF LGR ISOS [Oost terres teeeeeeecenoree seers eaTer Jo seyoUy- 
“panuruo) 
Ts’ [220° |€Z0" |PZO"  /¢ZO" |9g0" |sFO" jeco" [SOT |e6s j6Th |s6a jzTe:  jarrom o1enbs sod [[ej Jo yoo} ouo uo 1aMod-es10 FT 
OFL \|LZE |63L |68L OFT [202 |22ze [266 [269 jo99‘T Jose's |069'T |O08‘E |eTtar erenbs z0d Ayrep saojjes puvsnoyy ur Moy 
ene) f eee of" PS CZ Lg" Ly eg" e0'L 16% 86° ZOE Zoe SEDO ROSE ODE ICE GCOS Oe TE (0) SUIMOy sayqouy 
eo zoz [roe [ro lert [oe lies [tee [ro ese lox loge foo fester cree ees tregayts go soyouy 
“AVA LSAIYG 
ger |zpo’ lzeo |eeo’ |rFo° (zo |zso lest’ |sZr° PIs gol ieee’ OTs’ | -errem erenbs 10d ][ez Jo 400j ouo uo IaMmod-asi0F] 
L¥L |L8G |6LT |GST 26% |L66 [POF [G69 [SLOT |SIZ‘C |ZTL |ess‘t jO9Z‘T | eTtar cavnbs rod Aprep suojpes puesnoy) ur Mopy 
OST iba Ze vik cy ec 03° POT CLT LUZ OZ T 1g°g PLS POET CRO ABODE ACOSO ORCS OC (0) SulMoy soyouy 
one i2zz \eoz lee eee leer lezce love loge leez 291 [pop lege [rrreerseesceeetcereeeeesssseeesseeesseetrpyared Jo soyouy 
‘AVHA AUG AYVNIGHO 
6LT (98% |640° |2c0" sro" |zS0" |OTL |s9T jogs joLe- 683° 88a B08" | “e[Far erenbs s0d qTey Jo yoo} uO UO 1eMod-as10y 
GIOT |062‘T Shh |¢83 |PLZe \EzE |eo9 |ez6 josrT joze‘t joP9‘T leso‘E JOTO‘T |e[wt erenbs rad Aprep suoj[es puesnoy}y ut Mop 
Of'1Z Tie 08° 1g 6r° xen 80'T eg CC'Z (Nea PLS 26'S L8°S BEERS PIO IESE SOOT 1 C0) SulMoy sayqouy 
oog? love leee roe loce lary lose love love pore Isee lece lege feccccresssesceeseersssseeeeeestrrermrer Jo soy 
qy qy Cy 
eM dom bad) ele ole Ot site| cee ep ae. Wine lng 
Pe etal sul socal e alee Wy Scie ee Eas aca g te 
Cob ee wee: Ge lee eaa le = 
Pela ae at ee 


‘aVHA TOVUTAV 
x IOATY OTesseg JO MOLT pel ems 


‘SG ON HIAVL 


158 GEOLOGICAL SURVEY OF NEW JERSEY. 


It will be noticed that we estimate a smaller amount flowing off 
from the Passaic water-shed than from the Highland streams. The 
rainfall is about 1 inch greater in an average year, and about 0.8 of 
an inch greater in an ordinary dry year than upon the Highland and 
Kittatinny valley region. The flow from ground-water for a given 
depletion is also greater, as will be seen by reference to the diagrams 
of ground-flow. Both of these are offset, however, by the increased 
evaporation, which we take to be 11.5 per cent. over that of the High- 
land and Kittatinny region. The average elevation of the Highlands 
is about 700 feet greater than that of the Central Passaic valley and 
northern red sandstone plain. This difference of elevation would be 
equal to over 2 degrees difference in mean temperature, allowing 300 
feet elevation to 1 degree decrease in the temperature. We are of the 
opinion that our estimation of an extremely dry period, as dry as that 
shown by the Philadelphia record, is a little too severe for a water- 
shed of 800 square miles in extent. Such extreme droughts do not 
seem to extend over so large an area, and it will be noticed by refer- 
ence to the table of gaugings of the Passaic that the rainfall and flow 
were very considerably larger during 1881 and 1882 than the above 
estimate shows. Our assumed driest period is not too severe, how- 
ever, for smaller portions of the water-shed. If it errs when applied 
to the main stream, the error wiil be on the safe side, and no great 
harm can result. It may be remarked that so severe a dry period as 
this will be modified during December and the later winter months 
by the freezing up of the ground, and the flowing over the surface of a 
portion of the rainfall to the stream. The ground will, consequently, 
not be entirely filled with water until a thaw occurs, but then replen- 
ishment must take place and the flow will be decreased. It will be 
found that the actual flow during November and the winter months 
will not usually be less than one-half an inch upon the water-shed in 
a climate as cold as that of the Passaic. There is no way to compute 
the effect of freezing, however, and if any allowance is made for it, it 
must be a matter of good judgment. We believe that it will be safe 
to depend upon a total annual yield of 14 inches from this water-shed, 
but it should be remembered that it is extremely probable that this 
will result in long periods of low reservoirs. It is apparent from the 
table that a reduction to 12 inches per annum will not sensibly di- 
minish the length of this period of low reservoirs. To utilize 12 
inches we shall need 5.85 inches of storage. 
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Water-supply.—It will be seen from our table of public water- 
supply systems of the State, in a later chapter, that the Passaic now 
furnishes a large amount of water to our cities. Jersey City pumps 
over 22,000,000 gallons daily from the river at Belleville, but our 
later remarks upon the subject of river pollution show why no part 
of the river below the falls at Paterson can be seriously considered for 
purposes of water-supply. The next point up stream where water is 
drawn for city use is above the falls at Paterson. Paterson and Pas- 
saic are supplied from this point by pumping. The drainage area 
above the falls is 797 square miles. The river will supply at this 
point, without storage, 87,569,856 gallons daily. It must be noted 
that 8 per cent. of the area above the falls has already been diverted 
to supply the city of Newark, and another considerable area is likely 
to be shortly set apart to supply Jersey City. The available supply 
at the falls will be correspondingly decreased. Our estimate above is 
for the total natural flow of the stream. The agricultural character 
of the central valley, and its large and increasing population forbid 
that we should consider this supply at the falls as altogether desirable 
for the future, although at present it is all that can be desired. 
Above Little Falls the river receives the drainage of 773 square 
miles, and will supply, without storage, 84,661,632 gallons daily. 
With 7.5 inches storage upon the water-shed, 515,000,000 gallons 
daily will be available. The elevation of the river at this point is 
159 feet. Our remarks as to the desirability of the supply at Pater- 
son apply equally well to this. 

Pompton river, at Two Bridges, affords the most desirable supply 
obtainable at any point below the Highlands. The drainage area is 
379.9 square miles. This is largely a Highland water-shed, but 
Table No. 58 will best apply. We estimate the minimum flow to be 
at the rate of 0.15 of a cubic foot per second per square mile, so that 
36,837,504 gallons daily may be had here without storage, the eleva- 
tion being 170 feet. To utilize 14 inches annually from this water- 
shed there should be storage equal to 7.25 inches, and the resulting 
supply would be 253,000,000 gallons daily. 

This storage may be obtained by means of a dam at Mountain 
View, 2,200 feet long and 57 feet high, for which nature has pro- 
vided an excellent site. Such a dam will flood Pompton Plains, in- 
cluding an area of 18.07 square miles, to an elevation of 220 feet, 
and a draft of ten feet upon this reservoir will afford the necessary 
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storage. While this appears to be a work of unnecessarily large 
magnitude at first sight, it has many excellent points, and for the full 
utilization of the available gathering-grounds of the Passaic water- 
shed it has no equal. It is, in fact, the only way in which the waters 
of the Wanaque and Ramapo can be collected by works entirely con- 
fined to the State of New Jersey. It would be possible to ultimately 
add to the area tributary to this reservoir the water-shed of the 
Rockaway, above Boonton, 118 square miles in extent, which would 
make the total available supply 332,000,000 gallons daily, all col- 
lected in one reservoir, which would, from its magnitude, partake of 
the character of a natural lake, and which will be more easily 
guarded from pollution than a large number of reservoirs such as 
would otherwise be necessary to accomplish the same result. 

The upper Passaic, above Two Bridges, is not a desirable stream as 
a source of water-supply. Too large a proportion of its area lies 
upon the flat central valley. There are large areas of wet land, and 
the stream becomes quite muddy at times, and a general examination 
of the gathering-grounds would result in its condemnation, although 
the analyses which we have indicate a fairly good water at present. 
Of course these remarks do not apply at all to the Rockaway and 
other Highland branches. Upon this part of the stream floods rise 
slowly, cover a very large area of flats, and remain high seven or 
eight days. 

The Passaic, above Chatham, drains 99.8 square miles. Table No. 
53 applies to the flow of this water-shed. The water is muddy and 
inferior in quality, and the opportunities for storage for water-supply 
purposes are not at all good. Floods rise more slowly than upon the 
other branches of the Passaic, and remain high three or four days. 
The maximum flew probably does not exceed 40 cubic feet per second 
per square mile. From the dry-season run of mill-wheels at Chatham 
we estimate the minimum flow to be 0.14 of a cubic foot per second 
per square mile. At Millington we find in the same way 0.13 of a 
second per square mile. These figures agree closely with minimum 
gaugings on the Ramapo and Pequannock. At Chatham 8,724,672 
gallons daily may be obtained without storage. With 7.5 inches 
storage, 66,500,000 gallons daily may be obtained. The elevation is 
200 feet. Above Franklin, which is at the crossing of the Morris- 
town and Bernardville highway, the upper Passaic becomes purely a 
Highland stream, to which Table No. 51 applies. It is an excellent. 
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gathering-ground, but drains only 9.2 square miles. The elevation 
is 270 feet, or could be made 320 feet with little loss of area. The 
supply, with storage amounting to 1,119,000,000 gallons, will be 
6,100,000 gallons daily. 

The most desirable water-supply streams of the Passaic water-shed 
are the Ramapo, Wanaque, Pequannock and Rockaway, which we 
will consider by themselves a little later. 

Water-power.—The fact must not be lost sight of, in considering 
the Passaic as a water-supply stream, that the diversion of the High- 
land branches for the supply of the northeastern cities of the State has 
already been begun, and is likely to continue until all have been ap- 
propriated. When this is accomplished, the available power of the 
lower stream will be reduced to three-eighths of our estimate, which 
is, of course, for the total natural flow. If this diversion is not made 
good by storage upon the lower portions of the Passaic, the stream 
will rapidly lose its prominence as a source of water-power. These 
facts, however, do not make it any the less important that we should 
have a correct estimate of the available power of the stream. From 
Little Falls to tide the total fall is 159 feet, and of this, 102 feet is 
improved. Practically the only available fall unimproved is some 25 
feet at Little Falls. 

The Dundee Water Power and Laud Company has developed a 
large water-power just above the head of tide at Dundee. Their dam 
is a substantial stone structure 450 feet long, and the raceway is 
nearly two miles in length. The pond has an area of 224 acres, and 
retains the entire flow of the stream during dry seasons, so as to con- 
centrate it into working hours. The fall varies with the state of the 
tide from 20 to 24 feet, the average being about 22 feet. Power is 
leased to the mill-owner by the mill-power, defined to be 8.5 cubic 
feet per second during 12 hours in the day, the price of a mill-power 
being stated to be $700 per annum, or about $33.33 per gross horse- 
power. From a return made in 1890, seven establishments were 
renting power, and the aggregate amounted to 1,764 gross horse- 
power. Table No. 53 makes the power available for 9 months of an 
ordinary dry year 36.18 horse-power per foot fall. According to the 
above, 80 horse-power per foot fall is improved and used during 10 
hours daily, our previous figures being, of course, for continuous 
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The next power above is at Passaic falls, and was developed by the 
Society for the Establishment of Useful Manufactures, chartered in 
1791. This is one of the earliest of the large water-powers of the 
United States. The dam is of stone above the head of the falls, and 
affords sufficient pondage to concentrate the entire dry-season flow 
into working hours. The water is taken off by a raceway, and is used 
on 3 falls of 22 feet each, as shown in the accompanying plan. 
Water-power is leased at the rate of $750 per square foot under a 
head of 3 feet. This amounts to about 8.5 cubic feet per second, and 
21.25 gross horse-power on a fall of 22 feet, making the price per 
gross horse-power about $36 per annum. This is for 12 hours daily, 
and during the dry season the water is shut off from the mills at 
night. This price does not include any guarantee that the water will 
be available at all times. It will be noted that the 2,350 horse-power 
leased amounts to 35.6 horse-power per foot fall. By our table, 35.07 
horse-power per foot fall will be available for continuous power. The 
lowest flow of the stream is less than 17 horse-power per foot fall, so 
that it will be seen that at times there is a shortage, and most of the 
mills are provided with steam. This power has been largely instru- 
mental in building up the city of Paterson. 

At Little Falls we estimate the available horse-power at 34.01 per 
foot fall. We find 31.5 horse-power improved. Only 14 feet fall is 
in use here, whereas the total fall amounts to about 40 feet. Our 
estimate on the total fall gives 1,360 available horse-power. Pondage 
enough to hold back the extreme dry-season flow would make this 
always available during working hours. Above this point there is 
very little fall to the stream until we reach Chatham. At this point 
we estimate 4,4 horse-power per foot fall to be available. We find 
from 6 to 10 horse-power per foot fall improved, this amount being 
secured by pondage so as to be available during working hours for 
nine months of the ordinary dry year. 

Minor branches.—The smaller branches of the main Passaic are 
largely utilized for power. Second river drains 17.2 square miles, 
the water-shed being very populous. The improved power ranges 
from 2 to 10 horse-power per foot fall. We find that at Belleville 
0.76 horse-power per foot fall is available continuously. The pond- 
age is sufficient to make this 1.5 horse-power during working hours. 
Yantecaw, or Third river, is also largely in use. At the last mill 
we estimate 0.62 horse-power per foot fall available. The pondage 
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here is very large, there being a succession of considerable mill-ponds. 
Peckman’s brook drains 10.5 square miles, so that near the mouth 4.6 
horse-power per foot fall is available, and at the railroad crossing, 
near Cedar Grove, 3.70 horse-power. We find from 1.7 to 3 horse- 
power per foot fall improved, but at one set of mills it runs as high 
as 7 horse-power. 

Between Cedar Grove and the mouth of the brook 123 feet out of 
a total of 150 feet of fall is improved. 

The remainder of these minor branches of the Passaic are not of 
sufficient importance to call for extended notice. 

Drainage works.—The lands which we have alluded to as over- 
flowed by the accumulation of the flood of 1882 above Little Falls 
embrace a large area of wet meadows subject to frequent overflow. 
The result is the loss of much land which would otherwise be valu- 
able, and the prevalence of malarial disease. When the river is dis- 
charging at Little Falls 4,000 cubic feet per second, it is bank full at 
Two Bridges, and beginning to overflow the meadows. Our table 
shows that it was above this stage 485 days in 17 years, or an average 
of one month in each year. The following table gives the area of 
the land subject to overflow, and which is too wet for cultivation, and 
also the water-shed, the flow from which causes the trouble : 


WATER-SHEDS AND WET LANDS AREAS, PASSAIC. 


Water-shed. Wet Lands. 


; Square Miles. Acres. 
Passaic, above Millington.......1-...c0.c0csccooresteseese 53.6 10,400 
Passaic, Millington to Chatham. ...........ssseceeseseee 46.2 4,354 
Passaic, Chatham to Pine Brook Bridge...........++ 46.9 3,117 
Whip patiy=— otal tna scdssceccensrcinsersseceeeadneenes 71.1 5,094 


This includes Troy and Black Meadows, 
4,275; Lee Meadows, 512; Washington Valley 
Meadows, above Morristown, 307 acres. 


Rockaway — Lotal sc. -cscssosssscecseccosssscesceosesaeens 137.2 173 
Weepavaallmesdistcccrcadecesesssssacnsesctecsesressassecesss) Me-asces 378 
Passaic additional, Pine Brook to Two Bridges..... 12 4,089 
Total for South Branch of Passaic............ 367 27,605 
POMP LOM=—= Ota leamcavedsrsercascksecateatsiossewmsiscensns 379.9 1,140 
Passaic additional, Two Bridges to Little Falls..... 26 » 663 
This andes Preakness Brook Wet Lands, 
320 acres. 


Motalvabover little ballsivere.«cessapesestidesoes 772.9 29,608 


164 GEOLOGICAL SURVEY OF NEW JERSEY. 


Of the above area, between Two Bridges and Pine Brook bridge, 
the larger portion below Horse-Neck bridge is known as the Big 
Piece meadow, and the smaller portion as the Little Piece. At ordi- 
nary stages the elevation of the river at Little Falls is 158 feet. At 
Two Bridges, 17,000 feet above, it is 160 feet. From this point 
through the Great and Little Piece to Pine Brook bridge, the dis- 
tance, following the tortuous channel of the river, is 11 miles, and the 
elevation at the latter bridge is 163, showing a fall of only a little 
over 8 inches per mile. At Pine Brook the river overflows its banks 
when it is discharging over 2,000 cubic feet per second. ‘There is a 
short cut through a low depression from this point to the river about 
one mile below Two Bridges, through which the water flows when 
there is a rise of 4 feet at Pine Brook. By this route the distance is 
3.75 miles instead of 12 miles by the natural river channel, and 
it has been proposed, and, in fact, attempted to divert the stream 
through this depression, and so increase the fall and shorten the time 
of floods on the upper meadows. From Pine Brook bridge to Lower 
Chatham bridge the distance is 10 miles, and the river has a total 
fall of 4 feet. The Rockaway, which becomes tributary to the Passaic 
just above Pine Brook, has a fall of 3 feet on its lower two miles, this 
portion being bordered by meadows, but above this the Rockaway 
has a considerable fall, and does not seriously overflow its banks. 
The Whippany flows through Troy meadows, and this and Black 
meadows have an elevation of about 167 near the mouth of the 
Whippany, and 174 six miles southwest. It will be seen that 
throughout this great extent of meadow the fall of the river is very 
slight, and the channel is so limited that it is over its banks much of 
the time. 

As we have mentioned, drainage works are now under way, having 
for their object the reclamation of this large area of lands. The first 
step is the reduction of the trap-reefs at Little Falls, a work which is. 
already accomplished, so that the falls are now eutirely obliterated, 
and the lowering of Beattie’s dam at the head of the falls 20 inches. 
Flood gates are also to be introduced, which are to be opened when 
the water has reached a height of one foot on the dam, the object 
being to keep the level of the river as low as possible at this point, 
and so to hasten the discharge of floods. Owing to the restricted 
capacity of the channel above Two Bridges, it also must be cleared 
and enlarged in order to make the work a success. The object. 
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of this work is rather to hasten the discharge of floods and shorten 
the time in which the meadows are flooded and wet than to do away 
with the overflowing of the meadows entirely. Any attempt to con- 
fine the flood-waters wholly to the channel would result in an increase 
of the maximum flood-flow to about the same rate that we have ob- 
served upon the Raritan, or say 50 cubic feet per second per square 
mile. It will be seen that this would require a channel from Two 
Bridges to Little Falls having a capacity of 38,650 cubic feet per 
second, or nearly ten times the present capacity, and the proportionate 
enlargement of all the channels above flowing through these wet 
lands. Not only would this be impracticable, but there is a question 
whether it would even be desirable, as the lands overflowed are very 
considerably enriched by the sediment. If they can be made suffi- 
ciently dry to produce good crops of hay and pasturage, the work 
will be considered a success. 


_ SADDLE RIVER. 


This branch of the Passaic rises in Rockland county, New York, 
about three miles north of the State line, and flows almost due south 
for 17 miles, emptying into the Passaic at Passaic City. It drains 
60.7 square miles, of which 8 square miles is in the State of New 
York. Twenty-eight per cent. of this area is in forest, and the popu- 
lation is 122 to the square mile. It is essentially a red sandstone 
stream, the underlying rock being of the harder class of red sandstone. 
The western part of the water-shed drained by Hohokus creek is 
largely drift-covered, but the portion drained by the main stream is 
comparatively free from sand and gravel. Table No. 53 is adapted 
to this stream, as it partakes largely of the character of the main 
Passaic water-shed. Floods are usually one day in rising, remain 
high about 12 hours and fall on the day following. 

Water-supply.—Above 90 feet elevation the main stream drains 21 
square miles. This is a very fair gathering-ground for water-supply. 
The stream carries less sediment than the more southerly red sand- 
stone streams. We estimate that with 7.5 inches storage 14,000,000 
gallons daily may be collected. Without storage the stream at this 
point is good for 2,667,000 gallons daily. Although not quite so 
desirable as the Highland tributaries of the Passaic, it is convenient 
to points of demand and may be utilized in the future. The facilities 
for storage are confined to the main valley, but it would be possible 


166 GEOLOGICAL SURVEY OF NEW JERSEY. 


to procure the necessary 7.5 inches here. Referring to our later esti- 
mates of the flow of red sandstone streams, there will be seen to be 
some little doubt whether it is advisable to attempt to collect more 
than 12 inches annually from this water-shed. Weare of the opinion 
that while 14 inches may be collected, it is not advisable to attempt 
it, because of the long periods of low reservoirs which must follow. 
Taking 12 inches of the limit, the available supply above Paramus 
at 90 feet elevation will be 12,000,000 gallons daily. 

Water-power.—Below Paramus to the mouth of the river we find 
60.5 feet out of the total of 90 feet fall improved for water-power. 
It is evident that not many opportunities exist for new development 
on the stream. We estimate the available horse-power at the mouth 
at 2.67 per foot fall. Below the junction of Hohokus creek we make 
it 1.89 horse-power per foot fall. The power improved on this por- 
tion of the stream ranges from 6 to 12 horse-power per foot fall. At 
Paramus we make the available power 0.92 horse-power per foot fall. 
We find 5 horse-power actually improved. At the village of Saddle 
River we estimate 0.73 horse-power per foot fall, and find from 4 to 
5 horse-power improved. On Hohokus creek, at Hohokus, we esti- 
mate the available power at 0.69 horse-power per foot fall, and we 
find from 5 to 6 horse-power improved. It would be interesting to 
know what has led to such a large amount of power being improved 
upon this stream. To a certain extent it is due to the presence of two 
kinds of mills, such as saw and grist-mills, upon the same fall, and 
these mills are probably rarely both run at the same time. The de- 
velopment of an amount of power which can only be realized during 
a very small part of the year is likely to give rise to expectations 
whieh are not warranted, and in this way frequently discredits the 
use of water-power. The estimates which we have given of available 
horse-power are the amount of power actually available during about 
nine months of the year. They may be double or even be increased 
2.4 times for use during working hours by pondage. 


RAMAPO RIVER, 


This branch of the Passaic rises in Orange county, New York, 
near Monroe. It drains 160.7 square miles, of which 112.4 square 
miles isin New York. About 75 per cent. of the area is in forest, 
and the population is 58 to the square mile. Most of the course of 
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the stream is in a low valley in the midst, or to the east of the High- 
lands, which rise from 700 to 1,000 feet above. Tuxedo, Sterling, 
Mount Basha and several smaller lakes afford a considerable natural 
storage. Most of these have been improved in the past as reservoirs 
to furnish power for iron manufacturing, and they may be drawn 
down to a considerable extent, but are not at present so drawn. At 
Pompton, 1.5 miles above its confluence with Pompton river, the 
stream has a natural fall over a reef of trap rock of about 15 feet. 
This has been increased to 23 feet by a dam, the lake above being 
202 acres in extent. From the head of this pond, two miles further 
up stream, to Suffern, at the New York line 105 miles above, the 
fall is 5.7 feet per mile; thence to Augusta, 9 miles further, it is 18 
feet per mile; thence to Turner’s, 7 miles above, it is 7 feet per mile. 
The total length of the stream from its remotest source is 34 miles. 
There was formerly a large amount of power used on the New York 
portion of the water-shed for iron furnaces and forges, but very little 
of this is at present in use. 

The maximum flow of the stream at Pompton we have determined 
from high-water marks to be 66.1 cubic feet per second per square 
mile. in our table of gaugings we show a minimum flow, October 
10th, 1892, at the rate of 0.14 cubic feet per second per square mile. 
The following table shows the results of simultaneous gaugings at 
Ramapo, New York, and at Pompton, New Jersey, at the close of an 
extremely dry period in 1894: 


SIMULTANEOUS DRY-SEASON GAUGINGS OF RAMAPO RIVER, AT POMPTON, N. J., 
DRAINAGE AREA. 159.5 SQUARE MILES, AND AT RAMAPO, N. Y., 
DRAINAGE AREA 86.4 SQUARE MILES. 


AVERAGE FLOW IN CUBIC FEET PER SECOND. 


1894. At Pompton. At Ramapo. 
September 13th..........-sccsessceseserssenereccecoes 15.53 16.29 
September L4th.........csccssecreveee soe ceeeeseeeers 15.53 15.13 
September Ldth..........ccesesessesceeersecesessceees 15.53 15.58 
September 16th..........ssccsesneressenseeseeeeeneeee 24.86 13.94 
September 17th..........cccesssncesseneceeceessscoeee 38.84 15.08 
September 18th...........sssssesseeseee Reesas tenons 38.84 18.41 
September 19th.........sccsseccecenesserereenereenees S884 fe eescces. 


We are satisfied that from the 13th to the 15th the above flow at 
Pompton is less than the natural flow of the stream. The water 
must have been held in some of the intervening mill-ponds, and let 
down so as to increase the flow from the 16th to the 19th. If we 
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take the six days ending at 6 P.M. on the 18th, at Ramapo, we find 
the average flow is 15.74 cubic feet per second, or at the rate of 0.182 
per square mile. Allowing 12 hours for the water to reach Pompton, 
and taking the average flow at that place for 6 days ending with 6 
A.M. on the 19th, the average flow is 28.41 cubic feet per second, or 
0.178 cubic feet per second per square mile. From this it will be 
seen that the average during 6 days at the two places is almost exactly 
proportional to the water-shed drained. From the above facts we 
place the absolute minimum at 0.14 cubic feet per second per square 
mile. Gaugings were made for two years at the works of the Pompton 
Steel and Iron Company by the courtesy of the late Mr. James 
Ludlam, and the results are given in the accompanying table: 


FLOW OF RAMAPO RIVER AT POMPTON, NEW JERSEY. 


Drainage area, 159.5 square miles. 


: ‘ FLOW IN CUBIC: FEET PER 
& & SECOND. 
a a \<e 
MONTH. i coral S o 
Sih 2 peu male ae 
3 | & : orale 
mG eH oS al al 
1890. 
Rebruarya/tortos2 otha. .s-ssseceeeatetes 4.45 3.29 1,913 277 643 
MATCH aiece aces ct tucctcntctss secvenseeteeee 6.40 4.85 2,020 277 643 
Aor il tnccratdestaar veatsuedernenccadeeter es 2.68 38.05 1,032 231 429 
Ma yisetaw ence atedetess Mee ekeatcns eters 4.72 2.75 762 170 377 
1890-1 
MUNG Weahcnenvis vote cenceareeesreatesanenee 4.98 1.25 334 55 176 
elitilivitearacecssncscnbnesteis Sesete ener sieren tas 6 06 94 338 40 125 
ANIC UStescastaneaceccatn datuosaasaseavesetecs <a 4.75 80 601 4l 108 
WEPLEMDER es ce ravvenassaacseeniees Ines mots 4.14 1.51 948 | 55 209 
OCloDeran-ssacesceasesceeeceserersence sees 6.95 2.22 839 91 301 
INGVOMDEDescats< ico seastaceh cess eeaeetess a 1.10 320 80 155 
December wie .cserctacsssacsheaevecdoeaoes 4,02 sel 1,583 80 238 
AMUATY cc oce nconenoen he aveearnee ses tsenaue 8.51 6.36 4,552 | 318 879 
HIGDRUATY \sstewcsnasaees stapes Seeeceere eee 450 5.28 2,130 264 853 
Mer Chic Arsteuscscscnecasstsescsetcamersecne 4,25 5.23 1,686 299 729 
PAPEL ates naveceesses see ceseteneec me vee cet 2.80 2.34 695 143 335 
AV cvesetacesssucuarisaaisesasseetecestese 2.70 .67 187 | 41 94 
JUNCHEGE Ma Yaressecaccccr se hescdcace 54.43 LO ATs alcccteceters sensu acedensioreetetes . 
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FLOW OF RAMAPO RIVER AT POMPTON, NEW JERSEY.—Continued. 


Drainage area, 159.5 square miles. 


* 5 FLOW IN CUBIC FEET PER 
o v SECOND. 
i) 3 
MONTH. ie 4 ® 3 
Ve ale ees 
g & p g : 
ee cs o 4 2 
1891-2 
PUIG Re tanccesestcenete ence re Ce aekCoe 2.13 37 79 33 52 
Jilly Means odeses oct enovacesooustericen forse: 4.88 Bil 70 22 44 
PATICUISisccderatescwaatas Mugsenanesmuwaseerene 5.64 .96 536 83 135 
Septembensere:sesscee cece rates 2.28 67 318 40 94 
Oetobettersacsesecteeroscrcevcenteess teces 2 39 30 53 40 42 
INOveMmbercwsrcocsnrecescrysee esc darsene 2.98 1.47 601 33 207 
December sccsret.cacssttrsseecsta Mecea vee 4.77 2.78 1,175 104 391 
ANUALY Siecscrusscerscerscessese rs seesecvsss 5.65 5.65 1,949 267 794 
LO UTUALYAscectes usossen cater erecetnecsoecets 1.34 1.19 267 123 167 
Miancltesacvecaewacus. attest seoteeh es oeecens 3.65 2.30 662 147 323 
UNDUUMews veto ncstouncececiaeeeseotetecseceesers 1.73 1.33 293 aly 188 
FN foen66 scoddan Sep cbtaBed SacarneO SSBHERNOROnE 4.66 1.83 748 91 258 
UNE LtO May sccsswstcccssscvesrcsess: 41.95 OSG eines nte tessa lesdieeneseses| cateneteeors 
1892. 
SUMO Mecei sovwcenescerctscssnctesesdceretenes 4.07 2.00 1,095 45 281 
Afal hyossecoe Ree tserscairascceccaneat sou sane, Siod Mll.seetescscclics vocavctes: eodeeuesseed|ttseenes axes 
PNUSUSU create cnssewstee tase seesoeiesterseas Ts 2b De 1 Cegoncideducsl | adaoee aoac4] Mssoaduerioda oadcctioggcac 
Heplemberncseanweseorewsccesocsssoseces: J AMELO ie lee teeectcarslMenencts coas|caaeeabss tall tasee Geese 
Ocho Deterier. suasseteace sees te cen verses sent .68 |Gaugings October 10th, 22.5 cubic feet 
per second. 


We have already shown in Table No. 41 that the evaporation indi- 
cated by the above gaugings averages about 3 per cent. in excess of 
that shown by the Passaic formula. On the basis of temperature the 
evaporation from the Ramapo shed should be about 5 per cent. less 
than that shown by the Passaic. We are inclined to attribute a por- 
tion of the loss shown by the gaugings to leakage at the point of 
gauging. or safety, therefore, we consider it best to apply Table 
No. 53 to the Ramapo. We believe its actual flow lies between that 
of Table No. 53 and Table No. 51, but the former table will give 
safe results, although possibly a little within the truth. Table No. 
51 is best for dry-month flow. 

Water-supply.—The Ramapo is an admirable gathering: ground for 
public water-supply. The only points which at present threaten pol- 
lution are Suffern, N. Y., a growing village, and Tuxedo, where a 
small sewer is now discharging into the stream. Naturally the water- 
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shed is all that can be desired. The yield, without storage at Pomp- 
ton, will be 14,541,120 gallons daily. At Pompton Falls, where the 
present dam of the Pompton Steel Works is located, there is an 
admirable site for a high masonry dam on a rock foundation. If 
raised ten feet higher than the present level of the lake, storage to 
the amount of 1,065,000,000 gallons, or 0.38 inches on the water- 
shed, will be afforded. This will maintain the supply at 0.26 inches 
monthly upon the water-shed, giving 23,680,000 gallons daily. 
With a total storage equal to 7 inches on the water-shed, the avail- 
able supply at Pompton will be 119,600,000 gallons daily. In order 
to obtain this amount of storage it will be necessary to build a num- 
ber of reservoirs on the New York portion of the water-shed. The 
following table shows the possible sites for storage, and also gives the 
area of the various existing ponds which we have referred to. Ina 
our remarks upon Pompton river, we have explained the only prac- 
ticable way in which all this water can be collected by works confined 
within the State of New Jersey: 
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Water-power.—We estimate the available power at Pompton to be 
7.04 horse-power per foot fall. Pompton lake concentrates the flow 
so that during working hours, or 10 hours per day, 2.4 times the 
minimum flow is always available. The minimum flow being 22.5 
cubic feet per second, we find that there would always be 6.14 horse- 
power per foot fall available, or taking 22 feet as the available head, 
132 horse-power will be the minimum. Our table in the appendix 
gives 160 gross horse-power on 20 feet fall, or 8 horse-power per foot 
fall, this being the amount reported as used by the mills. We find 
that wheels are in place having a total of 355 net or about 522 gross 
horse-power, or 26 horse-power per foot fall. Gaugings of the race- 
way show 214 gross horse-power actually in use with the mill work- 
ing in its usual way, and this amount of power appears to be success- 
fully used, being about 10.7 horse-power per foot fall. At Oakland 
11 horse-power per foot fall is improved with little pondage. These 
two are the only water-powers on the Ramapo in New Jersey. Sixty 
feet fall is unimproved between the State line and Oakland. 


WANAQUE, 


This stream strongly resembles the Ramapo in the topography of 
its water-shed. Table No. 53 may be applied to it with safety, the 
flow lying somewhere between 53 and 51. The minimum flow per 
square mile could not be obtained owing to draughts upon storage, 
but it may be safely taken to be 0.14 cubic feet per second per square 
mile, or the same as the Ramapo. The fiood-flows are also modified 
by storage, our highest observed maximum being about 45 cubic feet 
per second per square mile. Under natural conditions, it probably 
runs as high as the Ramapo. 

Greenwood lake and Sterling lake afford a large pondage. The 
latter is used as a reservoir for power at Sterling furnace, New York. 
It has an area of 321 acres, a water-shed of 4.69 square miles and is 
not at present drawn off to any considerable extent. It is a beautiful 
sheet of ‘water in a wooded district at an elevation of 749 feet. 
Greenwood lake lies partly in New York and partly in New Jersey 
and is a well-known summer resort, being highly picturesque. It is 
at an elevation of 621 feet, has a length of 6 miles and quite a 
uniform width of five-eighths of a mile. It is a reservoir for the 
Morris canal, has an area of 1,920 acres, or just 3 square miles, and 
receives the drainage of 28 square miles. Its storage capacity is said 
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to be 1,340,000,000 cubic feet (Croes and Howell) ; the dam is of stone 
180 feet long and 14 feet high, the waste-way being 100 feet in length. 
The Jake is said to rise about 1.9 feet above the overflow, indi- 
cating a flood-flow of 31 cubic feet per second per square mile, largely 
reduced from the natural flow by the storage afforded on the area of 
the lake. The lake can be drawn down 14 feet. The storage is 
largely in excess of the 7 inches which we have shown to be neces- 
sary in order to utilize 14 inches annually. The lake will therefore 
supply at all times 18,600,000 gallons daily, or about 29 cubic feet 
per second throughout the year. We have observed 68 cubic feet per 
second actually being drawn through the gates. This water flows 
down the length of the Wanaque and is taken into the Pompton 
feeder of the Morris canal at a point near the junction with the 
Ramapo. We have observed from 49.5 to 40 cubic feet per second 
being taken into the feeder at this point, and from information and 
gaugings we estimate the average yearly draft at 38 cubic feet per 
second, ranging from 30 to 50 cubic feet. 

We estimate that Sterling lake, if raised so as to afford 7 inches 
storage upon its water-shed, will supply 3,140,000 gallons daily. 
Table No. 51 should be used for these headwaters of the Wanaque. 
The following table gives the results of gaugings made by Mr. 
James Fraser at the dam near Pompton station, at the mill of H. J. 
Smith, Esq. : 


FLOW OF WANAQUE RIVER, 1890-1. 


Drainage area, 101.0 square miles, 


FLOW IN CUBIC FEET 
: 3 PER SECOND. 
g 3 
MONTH. g g ; 
_ ar an o 
2 One i ae aes 
g = S az q 
3 2 £ S E 
ae fy @) 4 <q 
1890 
Octobre tis aiceaesccscecedosevscaosensreses 6.95 2.49 594 91 217 
INGNCUIDCIU AN cecuesecaasnasedaversosscceacsce ALE 93 126 44 84 
Decorah euerecaeecessess ccs: sosda dete 4.02 1.59 799 44 138 
1891, 
DAUD Vawsseterscesesossohecesn=seSeectssss 8.51 6.27 4,943 91 549 
IH ODLUABY scarce csiecoseee eels Tobe asewes canes 4.50 5.51 1,107 217 548 
Marohistecctavccccsssaseccssveree=ireiecrscet 4,25 5.55 914 217 516 
J 00h ce qsoeaduicseBecacsounchendrioaene: Macaees 2.80 1.92 308 92 174 
DMiave.cticjessscavcssassiyisctecessoacs ts sweses 2.96 61 tl 45 54 
December to May... .c.sccsscsosces 27.04 21.45 Loss, 5.59 inches. 
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This short series of gaugings covers a period when the stream is 
least affected by draughts from Greenwood lake, A close resemblance 
to the flow of the Ramapo during the same period is apparent on 
analysis. From October, 1890, to May, 1891, the Wanaque shows 
34.76 inches rainfall and 24.88 inches flow-off. During the same 
eight months the Ramapo gives rainfall 34.50 and flow 24.95 inches. 
This, as we should expect, indicates a close equality in the amount of 
evaporation, and the distribution of the flow throughout the period 
indicates, also, a strong resemblance in the flow from ground-storage. 

Water-supply.—The Wanaque water-shed affords one of our best 
gathering-grounds for city water-supply, the population being very 
small, and towns and villages or other possible sources of pollution 
are entirely absent. For a gravity supply the stream does not offer 
the best facilities, as it is at a low elevation at all points where any 
considerable amount can be collected, excepting Greenwood lake and 
Sterling lake, which we have already noted. To collect 14 inches 
per annum upon the whole water-shed 7.25 inches of storage should 
be allowed, and the resulting supply will be 73,000,000 gallons daily. 
We have seen that storage is already provided for the 28 square miles 
of water-shed of Greenwood lake, and the 4.69 square miles draining 
into Sterling lake. Storage for the balance of the water-shed may be 
obtained in the lower main valley. 

Water-power.— While Table No. 53 is the safest for the total 
amount collectible of this water-shed, Table No. 51 gives most accu- 
rately the dry-month flow, consequently we base our estimates of 
water-power upon this. The water drawn from Greenwood lake 
averages 4.43 horse-power per foot fall on all the portion of the 
stream below the lake. The natural flow from this 28 square miles 
would be 1.94 horse-power per foot fall, so that the amount actually 
added is 2.49 horse-power per foot fall to the natural flow of the 
stream. At Pompton lakes we estimate 6.97 horse-power per foot 
fall to be available from the natural flow. Adding the above, we 
have about 9.5 horse-power per foot fall. 14.5 horse-power per foot 
fall is improved in a substantial way at the mills of H. J. Smith, 
and is said to be satisfactorily obtained, there being considerable 
pondage. Below the mouth of Ringwood creek the drainage area 
is 67 square miles, and we estimate 4.62 horse-power per foot fall. 
At Wanaque, about midway between these points, 6 horse-power per 
foot fall is successfully used. At the site of the old Freedom fur- 
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nace, a charcoal blast furnace built in 1838, which was out of blast 
and in ruins in 1855, there was a crib dam about 200 feet long and 
9 feet high with a race 600 feet long and 15 feet fall. The drainage 
to this pond is about 88 square miles. We estimate the available 
power at 5.9 per foot fall or 8.4 horse-power, with the draught from 
Greenwood lake added, making 126 horse-power available at this 
site, which would be a very steady, reliable power. Just above there 
is an old forge site which has 9 feet fall. We estimate 5.5 horse- 
power per foot fall, or 8 horse-power, including storage from Green- 
wood lake, giving a total of 72 horse-power available. From the 
mouth of Ringwood creek to Pompton these two old sites and those 
now in use include all the available power. From Greenwood lake 
to the mouth of Ringwood creek the total fall is 360 feet, and we 
estimate the available power to be practically that due to the amount 
drawn from the lake, or 4.4 horse-power per foot fall. 32.5 feet of 
this is developed at Ringwood iron works, giving 143 horse-power 
continuous. There is on this part of the stream a total of 300 feet 
fall undeveloped, which is good for 1,320 horse-power. If the 
draught from the lake could be controlled this power would never fall 
below 1,020 horse-power, and if confined to working hours 2,000 
horse-power would be as steadily available as if it were steam-power. 

The water-power upon the branches of the Wanaque is of little 
importance. Near the mouth of Ringwood creek there is an old 
forge site with ten feet fall and 14.8 horse-power available. 


PEQUANNOCK RIVER. 


- 


This is another branch of the Passaic, and with the Ramapo and 
Wanaque it forms the Pompton river just below Pompton. Its 
drainage area lies high on the Archean Highlands. For nearly its 
whole course it flows transversely to the ridge and valley structure of 
these Highlands, thus differing from the Ramapo and Wanaque, 
which flow through deep valleys. The headwaters of the Pequannock 
are at an elevation of nearly 1,500, while the mouth, at Pompton, is 
only 170; consequently the stream has great fall. From Post’s dam, 
at Riverdale, two miles above the junction of the Ramapo, to New 
Foundland, 12.5 miles above, the fall is 45 feet per mile; thence to 
Wallace’s Corners it is 9.2 feet per mile for 6 5 miles; for two miles 
above this, to Stockholm, it is 30 feet per mile. The water-shed is 
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six or seven miles wide by 16 miles long, and the branches are quite 
uniformly distributed along the course of the main stream, mostly 
coming in from the northeast. Forests cover 78 per cent. of the area. 

The first table of gaugings gives the results of a record made at 
Riverdale by Mr. J. H. Furey. We have to acknowledge the assist- 
ance of Hon. John F. Post in securing this record : 


FLOW OF PEQUANNOCK RIVER AT RIVERDALE, 


Drainage area, 84.7 square miles. 


FLOW IN CUBIC FEET PER 
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INOVEMDERs. .ceccdtecses seetenvatetaces seaese 77 1.42 301 25 100 
December's. ccstdecqrastscsackecercastotee? 4.02 1.03 437 25 75 
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PAMUALY Wee cesccenacsecuswecessovee ne ssenee 8.51 5.17 2,352 48 387 
February ........ Recccstinar sane de seesceespise 4.60 5.05 1,384 46 276 
Marchiaos.cecssensacseesseotwscdaccvesvsers 4.25 4.12 683 46 192 
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The second table of gaugings is compiled from records made by 
Clemens Herschel, C.E., Chief Engineer of the East Jersey Water 
Company, at Macopin intake: 
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FLOW OF PEQUANNOCK RIVER AT MACOPIN INTAKE. 


Drainage area, 63.7 square miles. 


MONTH. 


ANU ISUIELY Saccacdocanoncacoganecn onetuatcnon 
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| Flow —Inches. 


4,26 
4.98 


28.86 


AVERAGE WEEKLY FLOW 


IN CUBIC FEET PER SECOND. 
3 o 
SL a | - 
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48 16 31 
20 20 15 
254 16 80 
90 25 51 
23 15 19 
172 16 97 
415 105 212 
450 173 335 
115 Ws 92 
183 125 145 
128 44 97 
190 70 122 


Seer eereeers 


cen eneeaseer 


Dee eoreerces covers eerene 


vi 133 
15 30 
12 30 
8 26 

8 8.8 
24 86 
63 92 
50 104 
124 212 
331 383 
196 240 
104 280 


Sec eceecces|cvceencoeren 


COMPARATIVE TABLE OF FLOW FROM OCTOBER, 1890, To mAy, 1892. 


INE ITEY OO cenocincagansodnocée cosencede 


Rain. 
Inches. 


Flow. 
Inches, 
45.54 
44.11 


22.52 
24.88 
24,95 


Difference. 
Inches. 


31.76 
32.34 


11.98 
9.88 
9.55 


178 GEOLOGICAL SURVEY OF NEW JERSEY. 


Comparing only the year from June, 1891, to May, 1892, with the 
same year on the Ramapo, as shown by the table of gaugings for that 
stream, the flow from the Pequannock is seen to be larger, but if we 
combine the two tables of flow of the Pequannock we have the 
results shown in the comparative table above, from October, 1890, 
to May 1892, a period of 20 months, which shows the flow from the 
Pequannock to be slightly in excess of that from the Ramapo. From 
October, 1890, to May 1891, the flow from the Pequannock was con- 
siderably lighter than from the Wanaque and Ramapo, a fact which 
is, no doubt, due to a difference in the amount of depletion of the 
ground-water, which was less upon the Pequannock at the end of 
May, 1891, than upon the other streams, consequently there was less 
water required to make this good, and the flow for the year following 
appears larger for the Pequannock in consequence. We find the 
evaporation upon the Pequannock averages about 11.5 per cent. less 
than what we obtain from the Passaic formula (# equals 15.50 plus 
0.16 R). It is evident, therefore, that this is in its evaporation as it is 
in its topography, a typical Highland stream, to which Table No. 51 
exactly applies. 

The least flow for a period of one week, shown by Mr. Herschel’s 
gaugings, is 0.13 cubic foot per second per square mile. From flood- 
marks near the mouth of the river we estimate the flood-flow to be 
52.7 cubic feet per second per square mile. 

Stickle pond, on Stonehouse brook, has an area of 110 acres and 
drains 1.7 square miles. There is a dam at the outlet, and the pond 
was probably constructed to furnish storage to an old forge shown on 
Gordon’s map. Macopin lake has an area of 299 acres, and a water- 
shed of 2.5 square miles. It can be drawn down 5 feet, and affords 
all the necessary storage for its water-shed. It is now controlled by 
the East Jersey Water Company, being a part of their system of 
reservoirs. Hanks’ pond has a stone dam across the outlet 20 feet 
long and 6 feet high. Cedar pond, recently enlarged for a sports- 
man’s preserve, is also controlled by a dam, and with Buckabear and 
Hanks’ pond above mentioned, was probably intended to furnish 
storage to the iron works at Clinton Falls, where there was a charcoal 
blast furnace which went out of blast in 1849. Dunker pond has 17 
acres of surface and 2.7 square miles of water-shed. 

Water-supply—The Pequannock is another excellent gathering- 
ground for water-supply. The population is light and scattering in 
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general. The largest village is Bloomingdale, with a manufacturing 
population of about 2,000. Above this there is practically no present 
danger of pollution, unless we except the petroleum oil-pipe line 
which traverses the entire length of the water-shed, passing near 
Vernon, Newfoundland, and thence along the line of the New York, 
Susquehanna and Western railroad. Precautions are taken against 
serious leakage from this line, which is constantly patrolled, and is 
not a seriously threatening danger. With 7 inches storage upon this 
water-shed, 14 inches may be collected annually, equal to a total daily 
supply of 56,000,000 gallons. Sites for this storage are given in a 
report of the Commissioners of State Water-Supply made in March, 
1884, the stream having been recommended by this commission as a 
source of supply for our northeastern cities. In the following table 
I have given these sites with their stated capacity, to which I have 
added the tributary water-shed and the amount of storage estimated 
to be necessary at 7 inches on the water-shed : 


POSSIBLE RESERVOIR SITES ON THE PEQUANNOCK. 


Tributary Necessary 
‘ Capacity. Drainage. Storage. 
Name of Reservoir. Elevation. Million Gallons. Square Miles. Million Gallons. 

Bloomingdale .........0.ss0000+ 370. 1,870 82.0 4,002* 

Stonehouse Brook...........++ 700 1,000 4.5 330* 
SLicklesPOnG se crcssecescessee se 800 700 1.8 220 
No. 3 (Brick Yard)............. 800 700 ay 208 
Macopin Lake.....<.......++000 900 1,250 2.5 805 
Ranks | PONG sercescossccos sees 1,033 300 Al 87 
Wedar Pond tesiccsscresesesceosee 1,110 800 1.0 122 
Buckabear Pond................ 1,000 3,800 9.5 1,160 
KO TEPIIOOS: vescssbasscossessoness 880 13,000 26.5 3,240 
Dunker Pond...........se..0se0 1,043 1,000 2.7 330 
10,004 


* Exclusive of that provided by reservoirs above on same drainage. 


It will be observed that in order to secure a uniform storage of 7 
inches upon the water-shed we shall need still 2,132,000,000 gallons 
for the main valley between Oak Ridge and Bloomingdale. Sites 
at Charlottesburg and on Post’s or Kanouse brook, east of New 
Foundland, will provide a part of this, but the whole will not easily 
be obtained. 

The East Jersey Water Company has established works upon this 
water-shed for the supply of the city of Newark. ‘Their collection 
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works consist of a dam at Macopin intake, forming a small reservoir 
on the main stream, from which the steel conduit 48 inches in diameter 
and 21 miles long draws the supply. Its water surface is 12 acres in 
extent, and it contains 32,000,000 gallons. It is at an elevation of 
584 feet, and the drainage area tributary to it is 63.7 square miles. 
Table No. 51 shows that in the driest period, with 7 inches storage, 
42,600,000 gallons daily may be collected. The storage reservoirs 
on the water-shed above are Macopin lake, which we have previously 
described, and which will yield 1,600,000 gallons daily, and the two 
larger following. 

Oak Ridge reservoir is on the main stream near the village of the 
same name; has an area of 383 acres and a storage capacity of 
2,555,000,000 gallons. The dam is an earthen embankment about 
40 feet high, with a concrete core-wall 8 feet thick at the bottom and 
5 at the top. The outlet channel is a cut blasted through the ledge 
around the east end of the dam. The water-shed tributary to this 
reservoir is 27.3 square miles in extent. The storage amounts to 
5.38 inches on this area. From Table No. 51 we find that this will 
maintain the flow in the driest period at .985 inch monthly, or 
15,288,000 gallons daily. Clinton reservoir has an area of 423 acres, 
and receives the drainage from 9.5 square miles. Its capacity is 
3,518,000,000 gallons, or 21.32 inches on the water-shed. It is said 
to have filled between September 4th, 1891, and June 4th, 1892. It 
will be found by the table of gaugings that during this period the 
flow from the entire water-shed amounted to 20.81 inches, so that 
there was probably no difference between the amount flowing off from 
this 9.5 square miles and the entire 63.7 square miles above Macopin 
intake. ‘Table No. 51 shows that this reservoir will yield continu- 
ously 6,300,000 gallons daily if drawn down to the extent of 7 inches 
on its water-shed. It may be drawn, of course, to a much greater 
extent, but in that case will not fill for a long time after. 

The 24.4 square miles not provided with storage will yield during 
the driest period not more than 1,976,000 gallons daily. Adding 
this to the amount which we allow for the three reservoirs, the whole 
works would therefore havea capacity of 25,200,000 gallons daily if no 
reservoir is drawn down more than 7 inches upon its water-shed. If 
Clinton reservoir is drawn to its utmost capacity, a larger amount 
may be furnished. 

Water. power.—This stream has been a popular one for water- 


WATER-SUPPLY. 181 


power, as will be seen by our table in the appendix, but all of the 
sites below Macopin intake have already been, or are in process of 
being acquired by the city of Newark, or rather the above-mentioned 
water company, and the stream will not hereafter figure to any extent 
for water-power. Its development began sometime previous to the 
Revolution, and reached a high stage at a very early date. The 1850 
edition of Gordon’s map shows 3 furnaces, 9 forges and 10 mills, or 
22 establishments in all using water-power upon the water-shed. 
This was a larger number than existed in 1890, when the total num- 
ber of sites was 18. There is no doubt, however, that the total 
amount of power in use at the later date much exceeded that in use 
in 1850, or previously. We estimate 5.52 horse-power per foot fall 
available at Bloomingdale, and we find from 10 to 14.8 horse-power 
per foot fall improved. ‘Ten horse-power seems to have been success- 
fully used before the stream was developed to supply the city of 
Newark. This was during working hours. The total amount of 
fall improved at Bloomingdale is 139 feet, and 183 feet is in use be- 
tween Smith’s mills and the mouth of the river. 

At Charlotteburg there is a stone crib dam 220 feet long and 14 
feet high, and a raceway about 200 yards in length. There is 19 feet 
fall and a considerable pondage. A charcoal blast furnace was built 
here in 1767 and operated for a short time. In 1840 a forge was 
built and an extensive business carried on for several years. We 
estimate 4 horse-power per foot fall, or 76 horse-power of continuous 
power, to have been available here. This upper part of the water- 
shed has been appropriated for the supply of the city of Newark, and 
we shall not consider it further as a water-power stream. 


ROCKAWAY RIVER. 


This is the next branch of the Passaic to the south, and is a High- 
land stream with a strong resemblance to the Pequannock in the 
character of its water-shed. It also flows southeast, across the High- 
land ridges, but its fall is less uniform than that of the Pequannock. 
For six miles above its junction with the Passaic the fall of the 
Rockaway is 2.3 feet per mile; thence to Old Boonton, two miles up, 
it is 32 feet per mile. This is at the base of the Highlands at the 
west side of the Central Passaic valley, and the river has a rapid 
descent as it issues from the plateau. From Boonton to Old Boonton, 
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1.5 miles, the total fall is 240 feet, affording one of the fine water- 
powers of the State. For 11 miles above, to Dover, the fall is but 
7.3 feet per mile, and thence to Woodstock, 12 miles by the stream, 
it is 16 feet per mile. From source to mouth, the stream is 40 
miles in length. The area of the water-shed is 138.4 square miles, 
and 80 per cent. is in forest. A gauge was set up at Dover, and read 
by Messrs. Smith and Jenkins. It was impossible to obtain the flow 
at this point excepting on Sundays, when the mills were shut down. 
The gaugings are given as they were taken: 


FLOW OF THE ROCKAWAY AT DOVER, 1890. 


Drainage area, 52.2 square miles. 
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The above gaugings indicate a very large summer flow. The 
water-shed above Dover includes that of the Longwood valley above 
Port Oram, which is described under the gaugings at that point; and 
also the water-shed of Green Pond brook, 16.4 square miles in area. 
This latter shed has pondage aggregating 728 acres in area, and some 
swamps. A draught of 16 inches on this pondage would add an inch 
to the flow of the water-shed, and a draught of 2 feet would add 
half an inch to the flow of the entire shed above Dover. Comparing 
these gaugings with those at Port Oram, just above, they are found 
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to indicate a much larger proportional flow, and I have not considered 
it safe to base any conclusions upon this Dover series, as there is 
danger that the flow is increased by large draughts upon artificial 
storage, which have been noted. 

Another gauge was set up at the new mill of the Luxembourg Im- 
provement Company, at Port Oram, and read from November 15th 
to January 15th by Mr. N. J. Peltier, the superintendent : 


FLOW OF ROCKAWAY RIVER AT PORT ORAM, 1890-1. 


Drainage area, 29.9 square miles. 


FLOW IN CUBIC FEET 
PER SECOND. 
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oO . 

L Es 3 a s 

S A Si ® > 

4 ey oO 4 <q 
November 15th to 30th.ssecseseeees 36 59 33 24 | 30 
Weceuaberancsscsesscssucuturcensucesss 4.32 95 34 12, 24 
Wanwanyelstetorl Ob leseetecne st accense see. 2.90 2720 409 31 120 


September 10th, 1894, minimum flow, 11.1 cubic feet per second, was observed by 
Geo. E. Jenkins, C.E., from the filling of the pond in twenty-four hours. 


The Rockaway, above Port Oram, flows through Longwood valley 
with a fall averaging about 10 feet to the mile. The bottom of the 
valley contains considerable beds of drift gravel, and there is also 
some marsh on the lower part of the stream. These features con- 
tribute to produce a steady and well-sustained dry-season flow. The 
hills rise about 600 feet above the valley, and 90 per cent. of the 
' water-shed is in forest. Inquiry along the stream indicates that the 
above minimum flow of 11 cubic feet per second is as low as the 
stream falls, except in extremely dry periods. 

Mr. Charles F. Swain furnishes the following gaugings, made in 
1890, at Boonton : 

August 6th, 109 cubic feet per second. 


August 15th, 186 cubic feet per second. 
September 9th, 80 cubic feet per second. 


The latter was believed to fairly represent the flow of the stream, 
although it is much involved with the flow of Morris canal. The 
area above this point is 118 square miles, and at this same date we 
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found the Ramapo discharging at the rate of 92 cubic feet per second 
on 160 square miles, which is a little lower rate than that of the 
Rockaway. From high-water marks, we find the maximum flood- 
flow at Boonton to be 40.7 cubic feet per second per square mile, and 
at Dover 43 cubic feet per second per square mile, showing a rate 
about two-thirds of that given by the Ramapo. From these records 
of flow and a knowledge of the surface geology of the water-shed, 
we adopt Table No. 52 to represent the flow of the Rockaway. 

Lakes and ponds.—Dixon’s pond, near Rockaway valley, is a mill- 
pond with a stone dam 140 feet long and 10 feet high. The area is 
35 acres and it receives the drainage of 3.53 square miles. On Den 
brook, Opennaki lake, is an old forge site with a stone dam 60 feet 
long and 12 feet high. The pond is small. Just above is Shongum, 
70 acres in extent, with 2.9 square miles drainage area. The dam is 
150 feet long and 12 feet high. This is also an old forge site. Split 
Rock pond was improved for storage to furnish power to a charcoal 
blast furnace. It is 315 acres in extent, with a water-shed of 5.3 
square miles. The dam is of stone. If raised 3.5 feet and then 
drawn off 7 feet it would form an excellent reservoir with a capacity 
of 718,000,000 gallons, or over 7 inches on its water-shed, and would 
supply continuously 3,500,000 gallons daily. The elevation is 315 
feet. Durham pond is on the same water-shed just above, and has 
an area of 47 acres, with less than one square mile tributary water- 
shed. It was a forge site from 1811 to 1856. On Green Pond 
brook, Middle Forge pond has a stone dam 132 feet long and 13 feet 
high. This was an old forge site dating back to 1810, and there was 
15 feet fall at the water-power. The area of the pond is 96 acres 
and its water-shed is 10.1 square miles. Under present conditions, 
there is a difference of 4 feet between the highest water level and the 
lowest possible, giving about 0.7 inches on the water-shed. Denmark 
pond was also a forge site, dating about 1800, and is 172 acres in 
extent with about 4.5 square miles of water-shed. The dam is of 
stone, 145 feet long by 25 feet high, 30 feet fall having been avail- 
able. From the highest to the lowest water-level, as the gates are 
now arranged, this pond probably affords about 4 inches storage on 
its water-shed. Green pond, upon the same water-shed, is a beauti- 
ful natural lake at an elevation of 1,048 feet. It has an area of 460 
acres, with a drainage area of but 1.7 square miles. It would only 
be necessary to draw this lake down 1 foot to afford 7 inches of stor- 
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age on its water-shed. In this way the lake could be made to supply 
1,200,000 gallons daily in the driest period. 

In Longwood valley, at Lower and Upper Longwood, there are 
quite large ponds upon the RockaWway. Still farther up is the Peters- 
burg mill-pond, 53 acres in extent, and Mooseback pond, 21 acres in 
extent, the Jake having a very small water-shed. It will be seen 
that at present the Rockaway has a very considerable amount of 
storage, and even though they are not drawn down, these various 
ponds contribute substantially to keep up the dry-season flow of the 
stream by leakage through their dams, or discharge over the weirs. 

Water-supply.—The portion of the Rockaway river below Boonton 
flows through the red sandstone valley, but 118 square miles of the 
water-shed above Boonton falls is purely a Highland area, ranging 
from 500 to about 1,200 feet in elevation. On this portion of the 
stream the valleys are mostly rather flat, and very largely covered 
with drift gravel and sand. In consequence, the water rushing down 
from the upper, steeper slopes does not find its way immediately into 
the stream. It is iargely passed through the sand and gravel, and 
thus naturally filtered. Our table of drainage systems in Appendix 
II. shows that the Rockaway has a population of 113 to the square 
mile above Boonton, and 82 per cent. of the area is in forest. By 
reason of its high elevation at a point so near to our large eastern 
cities, and the fact that its water-shed lies entirely within the State, 
in addition to its topographical and geological advantages, the Rocka- 
way ranks first among our unused sources of water-supply, and it 
needs to be considered by us with some care. The only points above 
Boonton where pollution seems to be at all seriously threatened are 
Dover and Rockaway, the former having a population of about 3,500, 
and the latter probably not over 500. Outside of these towns the 
population is widely scattered, and is largely a mining population. 
Just at present this mining population is decreasing, and there is no 
likelihood of its future increase to any serious extent. The following 
table shows the population in 1880 and 1890, with Dover and Rocka- 
way returned separately : 


Area, Population. 
Township. Square Miles. 1890. 1880, 
Boonton, exclusive of Boonton City..........+ 6.87 326 405 
Rockaway, exclusive of Rockaway Village... 63.54 5,533 6,966 
Randolph, exclusive of Dover..........csecceee 27.85 4,572 4,742 » 
I@HET SOU veneer ceccceaa cere s educa eaeutsesesecseees 44.26 1,611 1,792 


URS Eo coasans dosunonnya cooonaenon jopgend 142.32 12,042 13,905 
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POPULATION OF VILLAGES, 


WOoversdSSOMncccccesrecoess 2,958. 1885... 3,170. 1890,........000 3,400. 
Rockaway, 1880, estimated, 400. 1890, estimated, 500. 


The above table, which has been compiled from census returns, 
shows that, exclusive of Dover and Rockaway, the population has 
decreased 16 per cent. during these ten years. Since 1890 some large 
and important mines have been abandoned, and, in consequence, the 
decrease has been at a still more rapid rate. The position of the 
water-sheds is such that the sewage of Dover and Rockaway may be 
readily conducted out. It will consequently be seen that there need 
be no apprehension of danger of serious artificial pollution on the 
Rockaway above Boonton, and that the facilities for removing any 
possible contamination are exceptionally good. It is very important, 
not only to the preservation of the purity of the stream, but to the 
general health of the district, that the Rockaway should not be used 
as an outlet for sewage, as its dry-season flow is too small to permit 
of this with safety. 

The water-shed above Boonton falls will supply 78,000,000 gallons 
daily, with storage amounting to 7 inches. The following table gives 
some possible reservoir sites upon the water-shed, with their capacity : 


STORAGE RESERVOIRS ON ROCKAWAY RIVER. 


Drainage Area of 
Elevation. Area, Surface. Capacity. 
Name. High Water. Low Water. Square Miles. Acres, Million Gallons. 

Dixon's (ond .:ssneaecs: 580 565 3.53 154 A471 
Rockaway Valley........ 523 500 9.2 276 1,250 
BeachiGlen,.cscete.s<sae 540 520 22.1 786 3,793 
Splitdocksc, ce.sccserecse 818 811 5.3 315 718 
Middle Forge............ 710 700 

Wenmarkgrcccsseseceets 818 810 } 10.1 1,240 
Greens Pondieecnsnsssesees 1,048 1,047 

Berkshireve:sssas-s.0ecce 700 690 4,4 320 825 
Wong wood s..cs50.00-02s 740 700 22.4 502 3,569 


The above reservoirs furnish storage for 71.7 square miles. To 
supply the remaining 46.3 square miles, 5,650,000,000 gallons will 
still be needed, which may be provided on the main stream, Den 
brook, Mill brook and in lateral reservoirs, with no difficulty. 

Any of these reservoirs will supply 666,094 gallons daily for each 
square mile of water-shed. 
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Water-power.—There is a strong probability that in the near future 
the Rockaway will be developed for the supply of some of our large 
cities, consequently it will lose its importance as a water-power stream. 
We have not anywhere in this report considered the Whippany as a 
part of the Rockaway water-shed. It joins the Rockaway very near 
where the latter flows into the Passaic, and has nothing in common 
with the latter water-shed, so that it is more convenient to consider 
the two separately. We estimate the available power of the Rocka- 
way at its mouth to be 9.25 horse-power per foot fall. At Boonton 
falls we make it 8.14 horse-power per foot fall. Between these points 
we find from 7 to 12 horse-power improved. Below Old Boonton 
there is about 50 feet of fall unimproved. Between these points and 
the head of Boonton falls there is 240 feet fall, of which 142 is 
improved, 112 of this being at the site belonging to the estate of J. 
Couper Lord. There is a good deal of pondage above the head of 
the falls. We estimate the lowest flow to be at the same rate as upon 
the Ramapo, which would give 16.52 cubic feet per second at the 
head of the falls. It is claimed that the flow of the Rockaway here 
is considerably increased by water drawn through Morris canal from 
Lake Hopatcong. Messrs. Croes and Howell, in their report to the 
Newark Aqueduct Board in 1879, estimated the leakage of this canal 
to be 1.74 cubic feet per second per square mile, or 50.46 cubic feet 
between Lake Hopatcong and Pompton feeder. As we have at times 
observed a flow of 55 cubic feet per second through the canal east- 
ward from Lake Hopatcong, and have also observed that, as a rule, 
very little water passes eastward through the aqueduct over Pompton 
river at Mountain View, it seems probable that this estimate is not 
far from the truth. As the canal between Boonton and Pompton 
feeder must have its full proportion of leakage, and also requires 
water enough to operate the planes, it is difficult to see how the addi- 
tion to the Rockaway can be any more than the proportionate leakage 
for the 14 miles of canal which traverses the Rockaway water-shed 
above Boonton. Assuming this to be true, it gives us 24.4 cubic feet 
per second added to the flow of the Rockaway by leakage from the 
canal. This would make the total flow of the Rockaway below 
Boonton 40 cubic feet per second, or 4.5 horse-power per foot fall. 

The Morris canal, it has been claimed, does not divert water from 
the Rockaway, although it locks its boats into the river at Dover, and 
again at Powerville, which is above Boonton falls. With a moderate 
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amount of storage to maintain the flow during the extreme dry 
periods this water-power at Boonton could be made a very valuable 
one if utilized to the full extent of 240 feet fall. Like most of the 
other water-powers of northern New Jersey, it was originally im- 
proved for use in iron manufacturing, a very large business having 
been carried on at one period. 

At Powerville, just above the falls, we find 27 horse-power per foot 
fall improved, but steam-power is used in connection with this. 
There is little available power above this point until we reach the 
village of Rockaway. Here 19 feet is improved, having been used 
originally for two forge sites, dating back to 1790. At Dover, we 
estimate the available power at 3.48 horse-power per foot fall, and 
find about this amount improved, with a large allowance of pondage. 
There is about 50 feet fall unused between here and Port Oram. At 
the site of the old Washington forge there is a pond of 10 acres, the 
water-shed being 29.9 square miles. We estimate the available 
power to be 2 horse-power per foot fall. On September 10th, 1894, 
the flow for 24 hours at this point amounted to 11.1 cubic feet per 
second. This was a very dry time, and while this flow amounts to 
0.37 cubic feet per second per square mile, or double that of the 
Ramapo, at the same time the stream seems to very rarely fall below 
this, and probably has a minimum of not much less than 0.3 cubic 
feet per second per square mile. This would make the driest season 
give 1.1 horse-power per foot fall, or twice this for working hours, 
with the existing pondage. We find 3.75 horse-power improved, and 
at Baker’s mills, the next site above, 4.8 horse-power. Just above 
this, near the crossing of the Delaware, Lackawanna and Western 
railroad, was the site of Valley forge, which had 7 feet fall. 

At Lower Longwood, there is another old forge site, connected 
with which was a saw-mill. The dam is of earth and stone, 200 feet 
long and 12 feet high. The water-shed is 21.1 square mile, and 
the available power 1.4 horse-power per foot fall, or 16.8 in all, 
there being sufficient pondage to double this during working hours. 
At Upper Longwood, there is another forge site. The dam is of 
cribwork, in a rocky gorge, and is 75 feet long and 15 feet high. 
We estimate 19.5 horse-power for this fall, or double this for work- 
ing hours, there being a large pond. Another forge site at Wood- 
stock has'7 feet fall, and at Petersburg there is still another with a 
large pond and 12 feet fall, for which we estimate 9.6 horse-power, 
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or double this for working hours. All of these powers have the 
reputation of being very good and steady, and this is borne out by 
appearances. There were several more forge sites, some of them on 
very small water-sheds, above this pond. 

Split Rock pond, to which we have already alluded, was improved 
to furnish storage for, first, a forge, in about 1837, and later, a char- 
coal blast furnace. It is another example of a small water-shed 
highly developed, to furnish power for iron manufacturing. The 
dam is of dry stone in a rocky gorge and is 90 feet long and 10 feet 
high. ‘Two falls were used for the furnace, one of 28 and one of 7 
feet. Three feet draft upon the pond gives about 2 inches storage 
upon the water-shed, and will maintain the flow at 1 inch monthly 
in an ordinary dry year, making 0.53 horse-power throughout such a 
year, and 0.37 horse-power in the driest period for each foot of fall. 
Doubling these figures for working-hours, we have at this site 49 
horse-power throughout an ordinary dry year, and 26 horse-power 
even in the driest. On the outlet, there is a total fall of 255 feet in 
about 1 mile. At Beach Glen, a forge was built as early as 1760, 
and this also had a large pondage. The dam was of earth and dry 
stone, 200 feet long and 10 feet high, and the pond was nearly a mile 
in length. The water-shed was about the same as that of Split Rock, 
but the power could not have been more than one-third. 

At Middle Forge the effective storage, including Denmark pond, 
was about 1.5 inches upon the water-shed, which is 10.1 square miles 
in area, and we estimate 13.9 horse-power on the 15 feet fall, or say 28 
horse-power during working hours. At Denmark the effective pond- 
age was about 3 inches upon the water-shed of 4.5 square miles, and 
the fall being 30 feet, 13.5 continuous, or 27 horse-power during 
working hours, must have been available throughout an ordinary dry 
year. It would appear that for these forges upon the Rockaway 
water-shed in the neighborhood of 30 gross horse-power was aimed 
at as the available power. The number of sites developed for this 
purpose seems to have been 37, 3 of which were for furnaces and 34 
for forges, according to the 1850 edition of Gordon’s map. There 
are 24 mills also using water-power, making 61 establishments in all. 
All of the sites now in use were developed before that date, and 
probably most of them before 1830. 
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WHIPPANY RIVER. 


The next branch to the southward is the Whippany, which rises 
near Mt. Freedom, about six miles west of Morristown, and flows a 
little north of east, joining the Rockaway less than a mile above its 
junction with the Passaic. The water-shed is 71.1 square miles, of 
which 25.4 square miles above Morristown is in the Highland region. 
The remainder lies almost entirely upon the red sandstone within the 
Central Passaic valley. This portion is covered with large beds of . 
drift, being crossed by the terminal moraine. The largest branch of | 
the Whippany is Troy brook, draining 15.2 square miles. The 
Whippany is said to carry a good deal of sediment in floods. We 
have no measurements of the maximum flow, but indications point to 
about 40 cubic feet per second per square mile, or about the same as 
the Rockaway. The minimum flow at Whippany is probably not 
less than 0.17 cubic feet per second per square mile, while above Mor- 
ristown it is probably somewhat less. Table No. 52 will be safe to 
apply to this for dry-season flow, but evaporation is probably greater, 
and the total run-off will agree more closely with Table No. 53. 

Water-suwpply.—The population upon the Whippany water-shed is 
large and increasing. The stream is not well adapted to become a 
source of water-supply, although some of the smaller branches may 
afford good local supplies of limited amount. 

Water-power.—A considerable amount of power is in use upon the 
Whippany, and seems to have been improved at a very early date. 
There was a forge site at Whippany about 1710. In 1850 all the 
sites which are now in use seem to have been improved. We esti- 
mate the power at Whippany to be 2.75 horse-power per foot fall, 
and at Speedwell lake 1.70. We find 4.3 horse-power improved at 
Whippany, and even higher at some mills, the average being about 5 
horse-power. The pondage is good, there being @ succession of quite 
large mill-ponds. At Morristown two mills use 3.75 horse-power 
per foot fall. Of the 140 feet fall from Morristown to Whippany, 
124 is in use, so that the stream seems to be fully developed. 


MORRIS CANAL. 


This is one of the important hydraulic works of the State, and 
deserves some attention in this connection, although the amount of 
business carried on is much less than formerly, It was built by the 
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Morris Canal and Banking Company, being completed in August, 
1831. It is about 102 miles in length, beginning at Jersey City, and 
running thence through Newark, Paterson, Boonton, Dover, Hacketts- 
town and Washington to the Delaware river, at Phillipsburg, where 
it connects with the Lehigh Coal and Navigation Company’s canal, 
following the Lehigh river to Mauch Chunk. It was designed for 
coal-carrying and local trade. Its summit level is 913 feet above 
mean tide, and is near Lake Hopatcong, from which the canal derives 
its water-supply. The Delaware, at Easton, is about 156 feet, so 
that a boat in crossing the State is moved vertically a total distance 
of 1,672 feet. The ascent from Jersey City to Lake Hopatcong is 
accomplished by 12 inclined planes and 16 locks, and the descent to 
Delaware river by 11 planes and 7 locks. These planes are inclined 
railways. A cradle descends to the bottom of the canal so that a 
boat can be floated into it and secured, then the cradle is hauled by a 
cable operated by water-power to the next level above. The wheels 
in use to operate these planes are the simplest kind of reaction 
wheels. They are usually operated under a head somewhat less than 
the total lift of the plane. The following table gives the distances 
of the locks and planes from Jersey City, and the elevation of the 
several levels of the canal taken from field notes of the topographical 
survey : 
HEIGHTS AND DISTANCES ON MORRIS CANAL. 


Distance. Elevation. 


Miles. Feet. 
Head of Locks 18, 17, 16, at Newark...........00.ece00e 12 30.4 
Blane Zab INewark...ccscct-ssccscssssonseso esse 13 100.4 
Lock 15, above Newark.............00.sssevsers 13.9 109.5 
Lock 14, near Bloomfield <........cccicsecsecves, coneee 119.8 
Plane 11, near Bloomfield.............ceeeeeeee 19 173.7 
Pompton Feeder, Mountain View............ 35.2 174.9 
Lock 18, near Pompton River.........sssecees  ceeree 181.7 
Plane 10, near Pompton River.............+6+ 38.3 237.9 
Planei9s Montvillenseecnucscsscsecsescesecsssse) inser 322 
IPYanex8), Montyvillecvecsdscesissceeccctaresconecieoe 42.5 388 
Lock 12, near Boonton Falls..........ssseeeeee 43.6 398.9 
Plane 7, Boonton Falls.........ss.cseccseeeees 44.1 480.7 
oeks ll, Boonton y.cs0sc..ces ceccsscsveesecnsaee 445 489.6 
. Locks 10, 9, Powerville...........sscccscserssers 45.5 504.5 
WocksS yy Denvailletsccsscrccser-osecsacs cco sene sens 48 511.8 
Plane 6, Rockaway........ccecesesseesessssssceoes 50.6 563.1 
Locks 7, 6, at Dover..........0..000ccssrseccossee 54.2 581.2 


Locks 5, 4, above Dover.........ssesecserseseees 55 599.2 
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Distance. Elevation. 


Miles. Feet. 
Head of Plane 5, above Dover..........-sssccseeees Hecate 55.6 665.2 
Lock 8, near Baker’s Mills...... RU Aoee ee avisn ee ttc 673.2 
Plane 4, Baker’s Mil's..........csscccccrsecsseere 57.5 725.4 
Locks 2, 1, near Drakesville...........scsscese  seeeee 735.5 
Plane 3, near Drakesville........... 02200 61.1 783.5: 
Plane 2, Drakesville.............. susgeteceee reese 61.4 863.5: 
IAN ASUNIMIT ccosdedssoacesenc se cemenes tes: ees 62.6 913 
Hopatcong Feeder......,..ccescsesescersererceeres 63.5 913 
Foot of Plane 1, Great Meadow......-...:.sssseseeeeeeee 64.7 856.9 
Plane 2) StamWopes...cs.0+csseessscesnasaeveetsss 66 786.9 
Lock 1, near Sayres......cccsscrescoserrerrescons  serree 774.7 
Plane 8, near Sayres, Waterlo0.......seceseses 67.8 719.7 
Plane 4, Old Andover........c...ssc-secerereeee 68.6 639.4 
Lock 2, Guinea Hollow, Saxton Falls....... eked 630 
Plane 5, near Port Murray..........ssecsessees 82.6 567.1 
Plane 6, Monte Rose, Port Colden............ 84.5 516.9 
Lock 8, near Monte Rose, Wasbington......  ...++. 506.8 
Planeu/ApeOnatcon Grn ascssnessesredesssensecne= 87.6 433.4 
Lock 4, near North Village...........sccsecsere 94.5 423.3 
Plane 8, Hulsizers, Stewartville............++ 96.2 361.2 
Plane 9, near Lopatcong...........ss.cseesscers 92.7 261.8 
Plane 10, near Greene’s Mills...........0-s0008 100.1 216.6 
Lock 5, near Greene’s Mills.....0...ccccccoecen  sseeee 208.2 
Locks 6, 7, near Greene’s Mills...........:.00. © ss1-+- 190.2 
Plane 11, Delaware River, Easton............ 102.3 155.2 


The width of the canal at surface is generally about 40 feet, at bot- 
tom 25 feet, and the depth is 5 feet. At Little Falls, the Passaic is 
crossed by a stone aqueduct bfidge about 45 feet high. The Pomp- 
ton is crossed by a low aqueduct. At Powerville, the canal locks its 
boats into and out of a pond in the river, so that the flow of canal 
and river is commingled, and at the head of Boonton plane, the canal 
is used for a short distance as a head-race for the water-power of the 
J. Couper Lord estate, the whole flow of the river being taken into 
the canal during dry seasons. The owners of this water-power are 
entitled to all of the flow of the canal at this point, excepting what is 
needed for purposes of navigation between here and Pompton feeder. 
Near Denville, the Rockaway is again crossed by an aqueduct bridge, 
and at Dover, boats are locked into the river and the flow is again 
commingled. On the western slope, the canal and Musconetcong 
river are much commingled until Saxton Falls is reached, but from 
this point to the Delaware no streams are taken into the canal 
excepting some minor branches of the Musconetcong and Pohatcong,. 
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and also Lopatcong creek. The boats used upon the canal have a 
length over all of about 87 feet, and a width of 10 feet 5 inches, 
They weigh, empty, from 16 to 19 tons, and their loads average 
71 tons. 

The canal is supplied with water from Lake Hopatcong at the 
summit, which has 25.4 square miles of drainage area and storage 
amounting to about 18.5 inches on the water-shed, by a feeder about 
1 mile in length, which is navigable, and at the head of which boats 
may be locked into the lake. Before the building of the railroad to 
Lake Hopatcong, connecting with the Ogden Mine railroad, there 
were ore docks at Nolan’s point on the lake, 2.6 miles above the out- 
let, and the canal received a considerable amount of freight from this 
point. Lake Hopatcong, at 14 inches per annum on its water-shed, 
would furnish 26.16 cubic feet per second continuously, or in ordinary 
dry years, 31.8 cubic feet per second could be drawn. On the Mus- 
conetcong, below the lake, is Stanhope reservoir, also used to supply 
the Morris canal. It has an area of 339 acres and a water-shed, 
exclusive of that of Lake Hopatcong, of 4.9 square miles, and it 
would furnish 5.05 cubic feet per second. Messrs. Croes and Howell 
state that the Stanhope mill has rights to a flow from these water- 
sheds, and that an opening of 10 by 36 inches is kept for the purpose 
of supplying the mill. We are unable to verify this, but found 
no evidence of such an opening at Stanhope. Such an opening 
under 3 feet head would deliver about 20 cubic feet per second, 
which would be a very large proportion of the whole available flow. 

Bear pond, on a branch of Lubber’s run, is another reservoir of 
the canal, having an area of 38 acres and a drainage area of 0.58 
square mile. It can be drawn down 12 feet, and will furnish 0.6 
cubic feet per second, or 0.7 in an ordinary dry year. Cranberry 
reservoir, on another branch of Lubber’s run, has an area of 154 
_ acres, a water-shed of 3.02 square miles, and will furnish 3 cubic feet 
per second in the driest year, 3.5 in an ordinary dry year. Green- 
wood lake is another important reservoir of the canal which we 
have already described in our treatment of Wanaque river. At 14 
inches per annum upon its water-shed it will furnish 28 cubic feet 
per second, In an ordinary dry year 34 cubic feet may be drawn. 
These figures are all for continuous draught throughout the year. 
The season of navigation is usually not more than 7 months, but the 

13 
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canal remains full during the winter, although the draught is, of 
course, much lighter. 

The water from Greenwood lake flows down the Wanaque, and 
Pompton feeder draws its water from a pond which receives also the 
flow of the Ramapo and Pequannock. This feeder is navigable, and 
the Ramapo river is, also, up to Pompton Steel Works, and the canal 
delivers freight at this point. The feeder is 4 miles long, connecting 
with the canal proper at Mountain View, on the east bank of the 
Pompton river. At the head of Pompton feeder our gaugings show 
a draught of from 40 cubic feet per second in November to 49.5 
cubic feet per second in September, and observations indicate a 
draught of about 50 cubic feet per second for July, August and Sep- 
tember, 40 cubic feet for October, November, May and June, and 30 
cubic feet per second from December to April, making the average 
about 38 cubic feet per second for the year. At the aqueduct at 
Mountain View, which is just west of the mouth of the Pompton 
feeder, we have observed that the flow varies from 0 to 18 cubic feet 
per second, probably averaging 8 cubic feet per second, which is the 
amount required for lockage. Messrs. Croes and Howell, in December, 
1878, observed a flow of 62.83 cubic feet per second eastward from 
Mountain View. It will be noted that if our above summer draught 
to Pompton feeder is added to 8 cubic feet through the aqueduct, it . 
makes a total of 58 cubic feet per second, or a little less than this 
gauging. At Little Falls aqueduct our gaugings seem to indicate a 
summer flow of 58, and a winter flow of 47 cubic feet per second. 

Our gaugings also give 55 cubic feet per second flow eastward from 
Lake Hopatcong and 73.5 cubic feet per second drawn through Ho- 
patcong feeder, indicating a flow westward of 18.5 cubic feet per 
second. Below Saxton Falls the average opening of the gate drawing 
water from the river indicates a draught of 36.4 cubic feet, to which 
we must add lockage of 8 cubic feet per second, giving a total of 
44,4, At Washington, in October, 1890, we observed 41.4 cubic feet 
per second. 

Most of the water used by the canal is to make good the leakage. 
Owing to the manner of construction and the location of the canal, 
which is largely on side hills, this leakage is large, and may be seen 
throughout the length of the canal, running away in small rivulets . 
to the sireams. Messrs. Croes and Howell made measurements in 
187% and 1879, indicating a leakage of 1.74 cubic feet per second 
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per mile. They also estimated that the amount of water required for 
lockage at Bloomfield at the time of the heaviest known traffic, which 
aggregated 6,571 lockages in 200 days, would require a continuous 
flow of 7.95 cubic feet per second. 

We have made studies of the plane at Washington, which has a 
length of 1,000 feet and a lift of 73 feet, and represents a fair aver- 
age of the planes on the canal. The wheel operating the plane works 
under a head of 47 feet. Gaugings of the flume made during the 
passage of a loaded boat show that 484 gross horse-power was used 
for 330 seconds to accomplish the lift. To haul up the empty cradle 
requires 268 gross horse-power used 248 seconds. This indicates the 
use of about 283 horse-power 330 seconds to haul up the loaded boat 
alone, the weight of which was 90 tons, and indicates the efficiency 
of the wheel to be only about 30 per cent. Probably it is actually 
somewhat higher than this if working continuously. If we suppose 
that the lockages noted above at Bloomfield were one-half loaded 
boats going eastward, and one-half empty boats going westward, we 
find that on the west slope of the canal this amount of traffic would 
require 5.4 cubic feet per second of flow to operate the plane. The 
total lift of the planes being 691 feet, 424 gross horse-power con- 
tinuous must have been used in all. On the east slope about 60 per 
cent. of the power per foot fall used on the western slope would be 
required, and the total lift of the planes is 758 feet, so that the total 
power used here would be 280 horse-power continuous, making a total 
of 704 horse-power used to operate the canal during the season of 
heaviest traffic. This amount of horse-power does not appear in our 
table in the appendix of developed water-power. It will be noted 
that the amount of water used by the planes is considerably less than 
that estimated for lockages by Messrs. Croes and Howell. The 
above 8 cubic feet per second required for lockage must be allowed 
for throughout the whole extent of the canal. 

From Hopatcong feeder to Saxton Falls, in the Musconetcong 
valley, we have seen that the canal and river flows are commingled, 
and the leakage of the canal flowing into the river is used again for 
the canal. From Saxton Falls to the Delaware is 30.6 miles, and 
the leakage at 1.74 cubic feet per mile amounts to 18.44, cubic feet 

_ per second, making 26.4 cubic feet per second for leakage and lockage 
combined. This is 17.8 cubic feet in excess of what we have noted 
above as the supplying capacity of Stanhope reservoir and Bear pond 
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and Cranberry reservoirs combined. Our gaugings show 18.5 cubic 
feet per second drawn westward from Lake Hopatcong. From Lake 
Hopatcong eastward to Pompton feeder is 28.3 miles, and the leakage 
and lockage combined amount to 57.2 cubic feet per second, agreeing 
well with our gaugings, which show 55 cubic feet. From the head 
of Pompton feeder to Newark the distance is 27.2 miles and the 
leakage 48.3 cubic feet per second. It is to be noted that the lockage 
in this case is provided for by the average amount flowing through 
Pompton aqueduct, so that the above leakage is all that must be 
actually furnished from Pompton, and this agrees quite closely with 
our gaugings of summer flow. If the canal had to rely entirely upon 
its reservoirs above noted, it would appear that there must be a 
shortage of water during the driest period, but the opportunities. 
afforded at various points for drawing from other streams make it 
improbable that these reservoirs are the sole reliance. They could 
readily be made to furnish all of the water required during an ex- 
tremely dry time, but whenever the various streams furnish a suffi- 
ciently large flow to admit of it without interfering with the rights of 
other users of the water, the draught from the reservoirs could be 
very much diminished, so that we cannot gather from the use of 
these reservoirs upon the Morris canal any warrant for supposing a 
larger total amount of water collected than we have estimated in our 
tables. 


RED SANDSTONE STREAMS. 


We now come to a class of streams which differ in a marked 
degree, in all important respects, from those of the Highlands. The 
average elevation of the Highlands may be taken at about 850 feet, 
while that of the Red Sandstone plain does not exceed 200. This 
difference in elevation alone would account for a difference of about 
2 degrees in mean temperature. Our table of mean annual tempera- 
ture shows an actual difference of 3.2 degrees, corresponding to an 
increase of 16 per cent. in evaporation, and this is about the amount 
of difference in evaporation actually shown between the gaugings of 
the Pequannock and those of the Hackensack and Raritan. The 
position of the Red Sandstone plain will be best understood by refer- 
ence to a geological map of the State. It presents two distinct types 
of topography, the glaciated and the unglaciated, the former being 
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to the northward of the moraine line, which runs through Morris- 
town, Plainfield and Perth Amboy, is heavily covered with drift, and 
has about 30 per cent. of its area forested, some of this being the 
heaviest timber in the State. The southwestern portion of the plain 
has practically no sand or gravel, and only 12 per cent. in forest, is 
highly cultivated and largely under-drained, having practically none 
of the marshy areas of the glaciated portion. Saddle river, the 
Hackensack, Elizabeth and Rahway rivers have their water-sheds 
upon the glaciated portion, while the Raritan and a few minor 
branches of the Delaware drain the remainder. These latter streams 
carry a large amount of silt, the soil being highly soluble, and the 
red color gives them an especially objectionable appearance during 
floods. The northeastern streams receive a large portion of their 
waters after they have been filtered through the sands and gravels, 
and are somewhat less muddy, although by no means free from this 
objection. We present herewith three tables representing different 
types of flow. No. 54 is based upon the flow of the Hackensack, to 
which it especially applies, but is also applicable to the Elizabeth and 
Rahway. No. 55 applies to the larger streams of the Lower Raritan 
water-shed, and No. 56 to some of the smaller branches of the 
Raritan and the Delaware. Saddle river belongs to this class of 
streams, but has already been considered under the Passaic water- 
shed, and being somewhat peculiar in its position and topography, 
we have considered it best to apply to it Table No. 53. 


GEOLOGICAL SURVEY OF NEW JERSEY. 


198 


jo dyrut oxenbs yoto x67 yey oo [ lo roMod-osxoy g70' ‘xeak Arp Axeurpro Jo syjacut 6 Jo 
‘porsad ysetip Ur syyuoUI QT A[UO UMOP UAAP Oq [[IM SITOATOSOI puT ‘OUsNS []IM 9S8v10]S Fo SOYOUT 16'F 
SOUL YI SZI[NN OF, “SYJWOU YZ OAO AO} [LHF Og JOU [ITA SITOAIASaI pue ‘papoou st oSe10}s sayour [pg ‘poltod ysolrp UT 


Jo ‘umnuue Jed soyour FT ezt[N OF, “MOY Joqmedaq wos payonpep st sry} pue ‘soyour 6g'0 St reak osvI0Ae JO pud ye UOTe[dep oO], 


“porfs-x9yUM 


i “Ajozes poztjija oq ues yey} ysouUyN oY} ST SIU, 


‘ATrep suoyyes ge6‘0zg 10 ‘amuae sod 
‘ATrep SUOTTe® $60'999 


F69L 16° OL'T gce eg 19° FO'T G9'T e6'L '09'°S ‘SST CL eS BOE OS aq 0 SURE SOG IO COICO SILI AY) SULMOy soqouy 
yop lee" Wer leoet loro wet lost lgoe lere lace lee luce [eee [crc terremessereemtpmymrer Jo soa 
"panurqugg, 
StL |zzo" |zzo" |2z0" [ezo" j6c0" |Sz0" |280° ject 06% |SIh |a6a, jhTe, "otro aaenbs red [[ey yo; ouo UO JoM0d-os10F] 
erg zt lect lzzt leet loge lor leer |s9s_ lero‘ lece’s lozg‘t jogz‘t | er oaenbs zed Ayrep suoyyes puvsnoyy Ut Mol 
BOLT CS Zo Co" es" 09° LL 89° 0¢'T 26'S res 66'S gr COREE OOOO JOA OTE COGLE C OGIGCIIS 1 (6) sULMoy soyouy 
GHTS ACHE LEO STIRS: SLL G0 TES e LS Ome eee OE yore SO yen [iis oceer ee ears aC a ee eens: 30 ee ae 
‘doOludadd LSAIUd : 
Ist |z90° |Fg0" [290° |ez0" [180° |GOT’ |srT ete |AIz jser |zee; pre, ferro erenbs rad [[ej yoo ouo uo 1oMOd-asI0] 
19g izse«(igoe «ese. «lFIp lech l66¢ lors or2r loea‘t |te2 joreT jogz‘t j “er erenbs sed Aprep suojyes puxsnoyy Uy Mop 
00°8T 99° gc’ 99° PL’ 23° e0'L CFT 80°% 03% raat Ire gre BORE CO SCC CUCU SOGORC GAO COC RCE 1X0) SUlMOy soqouy 
ovee fee re lror loop loop lee fre (29% laoe (Tet lerp pop freer esseeeeeettepurer Jo soouy 
‘MVAA AYA LAUVNIGHO iT : 
gr [9 [960° [zso" [820° |480° {6TT |S6T, [6e%, (618, 266, [863° Ggz_—s«|“eyrur oaenbs red [ey oy euo uo toMod-os10}y 
oco't |2z6 [FRG loze lappy leer ‘os, jori‘r lege‘t leser |e99‘E log9'T jozo‘T |“eTtox oxenbs sod Ayrep suoyres puesnoy} ur Mop 
Valea V6 09 16° Ig (HR 99° LZT 86'T PEs ESS SLi’ 16S 0g'% eeevescececcese eacgsseescecerooceses*°221TO SUTMOY soyouy 
ores lare lore lave lecp lece rope lror leoe lee lore lege [gue [reece settee eeseseeeeeqrerarer Jo soqouy 
= AN BO Pp p>) a | = > E ty <4 = 
eer meaee ce OR fe | at a a ee leg 
; Eset B = oe a 5 = B. 
5 n : > 


pues svory peleA0O-YNdG UJIM speysg-1oyeM oUoyspUBs 


"AVGA DOVUAAV 
‘MOLA-PUNOIH esIeyT 


‘PG ON HISVL 


pey usleyyION JO MOL, pozemIysg 


199 


WATER-SUPPLY. 


‘oresseg oy} uodn uvy) sse[ eT}T] B to ojtut oavubs aod jpeg JOOs zod somod-osiog [P)’ 0} JUNOWe []IA PoYs-10}8M 
SIy} wor teMod oy} ‘reek Lip AreUIpIO UB Jo SyUOUT 6 Saunq ‘syiuou gf UMOP UABIP eq P[NOA SITOAIOSEI YONG “op TUM earenbs sod 
SUOTIES 0N0‘OOZ‘OTT 10 ‘pays-rezVa oy. odn sayout FE'g 0} Sarjunoure e8vi0js oxtmboer [ITAA sty} pus ‘opto orenbs red A[rep suoj[es Be6‘OLG 
IO STO M B SB pays-1ayVAi Sty} UO pazoo[foo Apoyes oq p[nod winuue sod sayour ZT TAC WN “TG ON PTTBL ost Sto}VM Peo puvyysrpy 10y 


98°LT rh 0¢'T iOhp Bo iPS i@g° L¢°T GL 169°S \88°3 oF 6E: wee c ec ee cer seer re esesseseeeaeeseeeserss “yo SUIMOP Seqouy 

eZ OF 66 ZT. 160'SE OPO WEN WET 908 ITS AS 2er (Zor soe eS eens 30 Sonne 
| “panuyuUoy) 

ger foto lero: |gto loto’ |rzor |sro" |zgo' jeer’ lose: igi [962 rie | “ertet exenbs sod qyey yoy ouo uO raMod-a810 Hf 

GL |&6 Pere 8 es iret less leze eee |ero‘t lege's [oz9T joge‘t |-“e1tor oxenbs sod [rep suo] [es puesnoyy ur MO] 

CZ OL OL cr’ cl oT’ PS LR ich 0e'L 6% Ib6'S 66S STs ORCL COO CIE CORE OTC IG TOC ODIO Dg 7K 0, SUTMOG sotpouy 

eet oz foe fo lect le lve |taz |to ese lose loos [gop octet Treyayes Jo sououy 


“‘doludd LSAT 


Per (geo |£20° jogo” [IFO \290° PSO |e |66l [LI sor |Zee PTS, |" orto gaenbs rod [yey 300} au0 UO 1oMOd-oSIO FY 
ZL [FIG TST |89r [aes [26 |L8h JOGL |SSTT [OSsT |TSL OI6T 0847 “~epjur exenbs sed Ayyep suojjes pussnoy} UI MOTT 


IO°9L |2¢ 1% 62" zp Cles’~—s«BS ret lost lose [est jIre |sr'e ssteeseeeeseeeererersteseeeees otto SUTMOT SOYOUT 
089g [sss PI's |1OL OOF [Sor iss |PrE [496 |e0's |ILZT |elb |F0F pantie eee omen ett (EJULEL J ORS OU IE 
‘aVGA AUG AUVNIGHO ee ; 
Z8l 91S" (TIT |290° |9FO" |8SO" |FIT ioe \686" 616" G66" 666" gz" | *eyrur arenbs zd [ey yoog euo uo roMod-osI0 Fy 
Ogo'T jOS%‘T j¢s9 js¢s €9% |TSS [099 |OZOT |SEE IS89T |S99T j099T 069°T | atta oaenbs zed Aprep saoyjes puesnoyy Url MO] y 
ZLTZ |sr%e (et |19" ie GE SE TRIST PSD CSS MUIREE UNIO Ze |68Ge eee ee ge SurMopy seyouy 
recy \oLe ere |ZLE [6ch \&SF |POF FOF je9s [BLE [SVE [s9E OLE Gekiss tesserae ea MEU LE Le TOMO UOLLT 
2 Ree ee eee A a 
‘= a ) og “ @ i =; 3 is = 8 
. a 1) i= a : = S 
Be) Ble Bein eign te a 
BA es, i s 


“EVAR ADVUTAV 
‘MO[TI-PUNOIH UINIpeW WM suUIBeTg oUO\SspuBs pey—JOATY UBWeY Jo MOLT pe eUlsH 
‘GG ‘ON WIAVL 


GEOLOGICAL SURVEY OF NEW JERSEY. 


200 


*spoys-10J@M PUL[Y SIT 


ay} JO IYI Jo SyIFJ-OM} puUe oresseg oY} JO IY SpaTY}-oM4 ynoge ‘ofrm exenbs sod ]Tey yoy sod aemod-asioy QZQ" oq TTA TaMod-asioy aIqu 
-[}eae oy} teak Arp Arvurpio ue Jo syjaour G SUN “st{JWOUT QT AJ [[NJ oq Jou P[NOA sitOAIoser OY, ‘aptur erenbs sad ATrep suojes geg‘gle 
to ‘unuue sed soyour ZI ezI[Iju 0} papeeu oq prnoai ‘e[tu oavnbs sad suozyeS Q90‘{ 91 ‘9ZT 10 ‘eSes03s SOYOUL 9G's Spoys-19}VM sey) Uod~ 


9¢°8T 0g e0'L 70° |F0° 7c e9'L Ort 69% ors [PPT PO" reeeee Ge aac engasde wane Srneoncacintec ITO SULAOE sayouy 
cor lee zest oF9 lzer lost l90°¢ lere lzce lees st G9 G  [tretrteteetesesesseeeseeeeeeeeseee eens rprUTeH JO SOUT 
“panuywoy, 
PZT |F00" 600" 500° |F00" |FZ0" |9Z0" [IIT [06° |SIh [G6e FIs’ |""*“e1yor oxenbs sod [yey yooy ouo uo 1oMod-as10}y 
904 |§% [8 ZS 6GGST «GPE ISS = JOSS [Ge8'S [OGL jOSLT j“artat erenbs sod Ayrep suoyyes puesnoy) ur MOT 
SFL 0 #0" FO" $0" Po 93° 60° 6° 76S 66'S STs Seer ere eeneercsceeesenaceses REE 1(0) SUTMOL saqouy 
eae loz pos srt los lise ltez [to lege loz loge leap eeerresereessresteeeseeeeseosseeesseonnmyuren JO soyouy 
‘adoludd Isard 
S3L' |680" O10" 820° |980° /G90° |80L° |s9T” [413° [sal |4ge’ |eTg* | eqyer oxenbs sad [yex yooy euo uo zaMod-os10y 
869 083 [9g AGT [206 |TZ8 [809 [S96 jOSZ'E 184 OTT jO8z'T |“e[yor oxenbs sed A]rep suoyyes puvsnoy} ur Mop y 
GOFE ee" OL: Sls 9 OOLT G9T (08S BEL TPS gig titties yo SurMoy SoyDU] 
ogee sez rz oor lecy lave FRE (19% (Oe ITLL BLP [pop [ttre etreeeteteeeeteeeeeeeeeeeeeeese Trepp JO soqOy 
‘AVGA AUC AUVNIGUO 
68st’ |0L8°_ [set 80° [680° |L80° |6hL’ 68% |6Le" G6s"_. |g6z"_— (98% |" eftea oxenbs sad [7x ooy euo uo roMod-os10H 
OSO'T l0SG‘T |¢68 GST |F2s [SbF [068 |sge'T S3gT je99'T [099°T Oz9'T |*elfor exenbs sod Ajvep suojyes puesnoyy ur Mop yy 
BL'1G |F9%3 09'L Ss OF G8" IGE PSS SBS BLS [LOG 6B'B eee: “Go SarMO_ sayouy 
reop lee lepe lore lecr lecy [pov troy leoe ieee lore lege [gure [rrreeereeereeescereseseeeeeeeeeeseeseveesTrepu@a Jo sayouT 
pace OES peels ania Sl 5) ita wha A = 
A (op) Coy ey = ed ips} Cy 
Oe eee mime g eS ere WSC) Hee ieee) ae 
BT ess WMG eee Wt |e. leet ee | yee) erel ee hag 
; Bl eee : ge eee he 5 2 
o = o ; " < Sy 
& 8 | eng 2 


“AVHA ADVUATAV 


‘(peyBlov[suQ) [oAvIH pus spueg WOI col SpeTg-10yBM UOC\SpuUBE poy TIeUIg JO MOLT poJeMNSH 


‘9G “ON WIAVa 


WATER-SUPPLY. 201 


HACKENSACK RIVER. 


The Hackensack rises near Haverstraw, in Rockland county, New 
‘York, and flows due south, emptying into the head of Newark bay, 
about 34 miles, in a direct line, from the source. The total area 
drained is 201.6 square miles, of which 64.1 lies in the State of New 
York. The river is tidal and navigable to New Milford, 20 miles 
from the mouth. The lower part of the water-shed is occupied by 
tidal meadows 4 miles wide by 10 miles long, and having an area of 
19,846 acres. These meadows are generally only two or three inches 
above the level of high tide. They occupy the entire width of the 
lower water-shed, excepting less than a mile on either border. Above 
the head of tide at New Milford the water-shed includes 114.8 square 
miles, and of this about 60 per cent. is in forest. By the census of 
1880, the population was 216 to the square mile for the whole water- 
shed, and 125 for the portion above New Milford. This is a subur- 
ban population distributed in a number of small villages, and is 
steadily increasing. The water-shed is heavily covered with drift, 
sand and gravel, especially in the flatter portions of the valley. 
There is also a little marshy land near the streams, including about 3 
per cent. of the whole area. The only natural lake of any size is 
Rockland Jake, in New York, within half a mile of Hudson river. 
It is 1.75 miles wide by 2 miles long. There are quite a number of 
good-sized mill-ponds along the stream and its branches. The general 
elevation of the water-shed ranges from 0 to 400, and averages about 
200 feet. A trap ridge forms the eastern and northern boundary, 
and throughout the entire distance from Jersey City to Haverstraw, 
the Hackensack drainage extends to within half a mile of the west 
bank of Hudson river. The accompanying table of gaugings has 
been compiled from data furnished by Charles B. Brush, C.E., and 
from rainfall records of the United States Weather Service : 


202 GEOLOGICAL SURVEY OF NEW JERSEY. 


FLOW OF HACKENSACK RIVER AT NEW MILFORD, 


Drainage area, 114.8 square miles. 


FLOW IN CUBIC FEET PER 


SECOND. 
5 () 
% So 
re 3g = 
o a o 
i ® > 
Oo i] < 


563 48 360 
472 118 202 
302 48 129 
256 22 120 
355 57 186 


347 87 1389 
163 33 85 
206 33 70 
208 26 62 
208 26 79 
116 31 59 
203 61 94 
359 34 150 
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ae 
: : 
MONTH. 7 i 
q 5 
‘3 & 
ae fy 
1890. 
JAMUATY, emcee omen. aos eerie te eses .| 2.89 3.03 
HODYUALY; sccsee cess sssscereseiucestsstacess 4,97 3.35 
IMA CL mes nccs forces cenetestecees sass 6.81 §.05 
PATI lersccso nae cysester ches ce shaesaean aveeal 2.62 3.62 
IM Airc ete sack fcvasvcee so akc st acsencteeste ss 4.62 3.11 
RING sre bences ttre seatacesaes cer tcone eon ieee 5.03 1.96 
Aal bees hence ecdae ener ooncesmncrccanerrnce 5.71 1,29 
INU GUSD rates sess saceeenstededece hareeaeces 4,72 1.22 
SEPleMber ssesctscesveccseees sesarts cremeaee 4.33 1.66 
OGtobersi iss. ccthtcstsectoaeeceenteses 7.36 2.87 
INOVEUAD EN). nea ddenet es tatraenssene sores 9 2.03 
IDCCCID EL sede sksccranat oo topes actos 3.94 2 50 
1891 
AEA Ea 7 aacrone moncndanetoodoberipncicasasage 7.65 5,30 
ING DRURY. ersoosics. ietotetes qaeoceracmees 4.31 5.17 
Marchi csrescsseticsee westans. Maaneen tess 4,28 4.33 
PAD TUS sew santos wate cewac ec nsam eaveaemee ners 2.21 2.66 
IM fy credececueceees oocee aen cee coc nae 2.75 1.42 
SUING siescsecasncorereewen cee eer eeu eee 1.95 87 
JUly:ccseetesaaureers sCote ess trdenecres ronson 4.08 72 
NU OUSbecesceousep radar ater aces ncree 3.54 66 
September seeacats eres ieee ces 2.42 80 
Octoberseetemues ttocet caer deetces 2.36 56 
INO Vem er sess ccasneeecencetee aero costes 2.76 96 
Decembenrtnrram sce tnskestesvr ese hak 4.59 1.49 
1892. 
J ATUATY Uncoee dace eal ee eens sorte ecotioe sce 5.34 3.52 
INS) ODEO irae nebo nos ansccet pach Coser ER OGIRCe 1.38 1.80 
Marchi wasn. tesdrecdoots Mescenee. scatters 3.21 2.60 
PATTI hetioenateaeae once qreste ren smear tteeace 1.81 1.70 
Ma yeeeetantassescwerstinerchcceeeee meet 4.99 1.87 
January, 1890, to December, 1890..........2.005 sores 
Juniewl8 90, tomMayaelS QU sree ctscsstasseeeoese ene 
December, 1890, to November, 1891............0.++.- 
Junepl SOU touMay a SO2swencssscseecsesascaseorenestee 
SMeariendins (October 884 j.dss.cccscsensreescosenestee 
Fear ending October, 1S8iea.s7-esnastesseseetteees 
Mearending: October SS6recss sare -e<es se eameere ce 
Near ending October,d S80. c.ceccineedacsspcaseatones 
Neanending October, 18S8.cseecerstecerreeteeececeete 
Year ending October, 1889...........,.0+.c0¢se0 Seonenee 
Fiear ending, Mavy,el8 Olemccsaecteeseeteessecoueenete es 
May, 1892:. ccccscccssapecncecdesecsomreste 


53.79 31.69 
53.08 32.41 
41.86 25,95 
38.43 17.55 
44.84 18.31 
41.70 24.36 
44 17,58 
48.09 19.41 
52.52 32.25 
57.74 21.64 
53.08 32.41 
38.43 17.55 
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Average excess of evaporation over that given by the Passaic 
formula (£# equals 15.50 plus 0.16 R) is 3.8 per cent. 

We have no observations of maximum flow, but the following 
shows how the highest observed summer and winter maxima com- 
pared with those upon the Raritan, Ramapo and Passaic at the same 
time. . 

MAXIMUM FLOW IN CUBIC FEET PER SECOND PER SQUARE MILE. 
May, 1890. October, 1890, January, 1891. 


mack ensack is.te-tecacocsanMeeneeene 4.9 47 Lies 
Raritany.s asses cstcessusentscecea eee 4.6 8.1 Be 

Ramap Or ccvesess-scuecees sess. cvounsessee 4.8 5.2 28.5 
SPABSALC Hee coreecc cc vecavscacsoeececacaceeeeies 3.6 Al 12.4 


The January flow is seen to be larger than the Passaic, but this 
may only mean that, because of the higher temperature, the snow and 
ice were melting more rapidly upon the Hackensack. The compari- 
son with the Raritan is fairer, and shows considerably less flow. The 
summer maxima did not differ much from the Raritan and Ramapo. 
It is not probable that the maximum flood-flow on the lower part of | 
the water-shed exceeds 40 cubic feet per second per square mile. 
The minimum shown in the above table is 0.19 cubic feet per second 
per square mile. This was for a single day, and may easily have 
been due to the holding back of water in some of the mill-ponds. 
It does not appear probable, from a study of the records, that the 
natural flow falls much below 0.25 cubic feet per second per square 
mile. The ground-water curve, shown in Plate VI., was deduced from 
these gaugings, and shows a high rate of flow, decreasing quite rapidly, 
however, at times of extreme depletion of the ground-water. It is 
probable that this rapid decrease takes place at about the time that 
the ground-water becomes nearly exhausted from the beds of gravel. 
The ground-flow appears to be very similar to that shown by the 
higher water-sheds of southern New Jersey, such as the Batsto. 
Table No. 54 is based upon this stream, and is especially applicable. 

Water. swpply.—The Hackensack Water Company, Re-organized, 
supplies Hoboken, Hackensack, and several other towns from this 
stream by pumping at New Milford. The storage is only trifling in 
amount, excepting as that afforded by the chain of mill-ponds above 
is available. This company reports an average draught of 6,900,000 
gallons daily. At 0.25 cubic feet per second per square mile the 
minimum yield of the stream at New Milford, flowing naturally, 


204 GEOLOGICAL SURVEY OF NEW JERSEY. 


would be 18,600,000 gallons daily. With storage equal to 4.91 
inches on the water-shed, the available supply would be 65,600,000 
gallons daily. Sites for this storage could probably be found without 
difficulty upon the water-shed. The water is aérated before using. 
The stream is said not to get as muddy as other red sandstone 
streams, 

Water-power.—The Hackensack is considerably used for water- 
power, but the fall along the stream is quite moderate. It has the 
reputation of being very steady during dry weather, with a well- 
sustained flow. We estimate the power at New Miiford at 8.4 horse- 
power per foot fall during 9 months of the ordinary dry year. 
Pascack creek, the largest tributary, drains 28 square miles, and the 
Hackensack, above the junction with the Pascack, 58 square miles. 
At Harrington Park the available power is 4.2 horse-power per foot 
fall, at Rivervale 3.8 horse-power, and from 8 to 12 horse-power 
is improved at these points, the pondage being good. The Pascack 
at Hopper’s mill, at Westwood, gives 1.97 horse-power per foot fall. 
Musquapsink creek drains 7 square miles, and above this branch the 
power of Pascack creek is 1.46 horse-power per foot fall. These 
water-powers on the Hackensack are, some of them, probably nearly 
two centuries old, having been developed for saw and grist mills at 
an early date. 

Drainage works —Some attempts have been made in the past to re- 
claim the tidal meadows on the lower Hackensack. Four thousand and 
forty-five acres, bounded by Passaic river, the Hackensack and Saw- mill 
creek, were embanked and partially improved by the New Jersey Land 
Reclamation Company about 1869, but the undertaking seems to have 
been abandoned. A very small amount of drainage is received by these 
meadows from the bordering upland, and the water to be removed 
would be practically only what falls upon the meadows themselves 
less evaporation. The conditions seem to be favorable to their im- 
provement, and if the soil should be found adapted to market-garden- 
ing, they would become valuable because of their nearness to markets. 
The results of a survey of these meadows will be found in the annual 
report of 1869. These surveys show that from about the line of the 
Newark turnpike northward to Saw-mill creek most of the area was 
an old cedar swamp bottom, and this extends in a narrow strip through 
the center of the meadow to a point near Berry’s creek, about three- 
quarters of a mile above its mouth. The rest of the underlying 
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material is mainly blue mud, some of which includes peat, and the 
prevailing depth of the mud is about 10 feet, but in places it is more 
than twice this. The marsh was sounded to these depths by a slender 
iron rod, usually put down by the strength of one man, but some- 
times requiring two, indicating generally a not very firm material. 
It was concluded at that time by the late Dr. George H. Cook that 
. the difficulties to be encountered in the drainage of these meadows 
were much less than those met with in Salem county, where very 
considerable areas have been successfully reclaimed. 

The smaller fresh-water marshes above New Milford seem to be 
due mainly to a lack of fall from the edge of the marsh into the 
stream. As these are in the midst of a fine residence district, their 
drainage is to be desired as a sanitary measure. Those at Closter, 
for instance, on the Tienekill, have a fall along the stream of ten feet 
in one and one-half miles, and their drainage would seem to be 
merely a matter of clearing out and deepening stream channels. In 
all such drainage works, where marshes are bordered by banks of 
gravel discharging large amounts of ground-water, provision should 
be made to intercept these waters by drains along the foot of the 
bank conveying the water directly into the main channel. The satu- 
ration of many marshy areas is due mainly to this free discharge of 
ground-water into the marsh along its whole border. There being 
no channel for such water to reach the stream, the marsh becomes 
saturated with the water seeking an outlet. 


ELIZABETH RIVER. 


This stream rises in the city of East Orange. It is tidal to Eliza- 
beth and navigable for small craft. Above Elizabeth the area of the 
water-shed is 19.4 square miles, and it is heavily covered with drift, 
especially about Salem and Union. The stream is of comparatively 
little importance, excepting that it is used as a source of water-supply 
for the city of Elizabeth. Table No. 54 is applicable to the flow of 
this stream. It shows the capacity of the stream in the driest months, 
without storage, to be 2,386,200 gallons daily.‘ Elizabeth at present 
uses 3,500,000 gallons daily, but a portion of this has recently been 
drawn from the wells at Netherwood. In 1890 the average con- 
sumption of water was reported to be 2,500,000 gallons daily, and 
this was drawn entirely from Elizabeth river. There is a small 
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amount of storage at Lake Ursino, which is the reservoir of the 
water works, and in the mill-ponds above, so that this amount was 
probably readily obtained. 

We estimate the power at Salem at 0.95 horse-power per foot fall. 
The pondage here and above makes the 2.2 horse-power used by the 
mill there always available during working hours. . 


RAHWAY RIVER. 


The east branch of the Rahway rises in the city of Orange and the 
west branch between First and Second mountains, and the general 
course of the river is southward. From the source to the mouth is 
about 16 miles in a direct line. The river is navigable to Rahway, 
which is the head of tide, about 9 miles from the mouth. The 
Rahway proper drains 41 square miles, and its principal branch, 
Robinson’s brook, drains 22.8 square miles, making 63.8 square 
miles for the total water-shed above Rahway. The water-shed has a 
large and rapidly-increasing population. It is generally well covered 
with glacial drift. Our observations indicate a minimum flow of 0,2 
cubic foot per second per square mile. The maximum probably 
ranges somewhere between 40 and 50 cubic feet per second per square 
mile. 

Water-supply.—On the west branch of the Rahway the city of 
Orange has a storage reservoir between First and Second mountains 
having a capacity of 375,000,000 gallons. The dam is an earthen 
embankment with a masonry heart-wall, and is 875 feet long by 40 
feet high. The drainage area tributary to this reservoir is 5 square 
miles in extent. The area of the reservoir is 64 acres. The storage 
amounts to 4.5 inches on the water-shed, and as this reservoir has 
steeper slopes and less drift than the main river, Table No. 55 is ap- 
plicable. We find that this reservoir will furnish, in the driest 
period, 2,200,000 gallons daily. 

The city of Rahway is supplied from Rahway river at a point just 
above the town, by pumping, without storage. We estimate the mini- 
mum flow of the river at this point to be 5,297,000 gallons daily. 
This water is said to be naturally very satisfactory, and appears to be 
very pure. The population is increasing very rapidly upon the 
water-shed, and the lower part of the stream is not likely to be further 
utilized as a source of water-supply. Some of the smaller communi- 
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ties in this thickly-settled portion of the State might possibly find it 
well worth while to consider the plan of owning outright a small 
gathering-ground which they could effectually protect from contami- 
nation in the future. Such a plan, where a suitable location is to be 
had close at hand, may be considerably cheaper than going to a dis- 
tance, and offers greater security against pollution. Some of the 
small branches of the Rahway might be utilized in this way, and in 
fact many of the smaller water-sheds which are largely covered with 
drift would be suitable for such use, as such land is usually of. little 
value where it is not becoming a residence section. As instances, we 
may call attention to Normahiggin brook, at Branchville, having 
about 2 square miles of drainage area, which would supply, with 
storage, 1,140,000 gallons daily. The headwaters of the south branch 
of the Rahway above Iselin embrace an area of 7 square miles, with 
an ultimate capacity, with storage, of 3,997,000 gallons daily. Both 
of these areas have quite a large proportion of forest. 

Water-power.—At the lowest mill site on the Rahway 2.9 horse- 
power per foot fall is available for continuous power, and this site 
with 10 feet fall is not at present occupied. The succession of ponds 
above would make this practically 6 horse-power for working hours, 
or 60 horse-power for this mill site. At Cranford we estimate 2.7 
horse-power available. From 5.5 to 6 horse-power per foot fall is 
in use between these ponds during working hours. Robinson’s 
branch, at Rahway, will furnish 1.6 horse-power per foot fall during 
9 months of the ordinary dry year, and the mill here uses about 2 
horse-power. 


RARITAN RIVER. 


The total area of the water-shed of this stream is 1,105.3 square 
miles. It is the largest stream of the State, excepting the Delaware, 
but is not nearly so important as the Passaic, from the fact that no 
considerable portions of the waters are united into one channel until 
they are within 7 miles of the head of tide-water, and but 17 feet 
above sea-level. The Passaic at Little Falls unites the drainage of 
772.9 square miles at an elevation of 158 feet, while the Raritan, at 
Raritan, has but 468 square miles, at an elevation of 49 feet, and 
Bound Brook 875 square miles, at an elevation of 17 feet. Never- 
theless, the Raritan basin is a productive agricultural section, and a 
large amount of water-power is utilized along the various branches. 
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The flood-flows have a peculiar interest because of the populous and 
highly-cultivated condition of the valleys, which renders them more 
destructive, and consequently makes a knowledge of the laws govern- 
ing them more essential. 

The water-shed is fully described in the physical description of the 
State, and its character is better shown by a study of the topographic 
maps than it can possibly be by any written explanation. A few 
facts not so apparent may be pointed out, however, in discussing its 
flow. There is little ground-storage anywhere on the water-shed, 
excepting on the Millstone, part of which is a sand-hill stream, with 
some of the characteristics of southern New Jersey streams; but 
enough of the area is on steep trap and red sandstone slopes to give 
even this branch a pretty high rate of flood-flow. Only 13 per cent. 
of the shed is in forest. Of the 879 square miles above the point of 
gauging, about 150 square miles area is on a highly-cultivated part 
of the Highlands and on the trap ridges; about 98 square miles, in- 
cluding the water-shed of the upper Millstone, is on the flat clay and 
mar] district, and the remainder on the low, level, red sandstone plain. 

The central portion of this water-shed is highly cultivated, and 
quite large areas are almost entirely deforested. The forested por- 
tions, which are embraced in the 13 per cent. above noted, lie largely 
upon the trap ridges. The river is tidal to a point about 2 miles 
above New Brunswick and is navigable to that city, distant about 12: 
miles from the mouth. This part of the river has been improved by 
the United States government. The depth of water to New Bruns- 
wick is about 10 feet at mean tide. South river, a branch of the 
Raritan, from the south, about 7 miles above its mouth, is also navi- 
gable to Old Bridge. The table of gaugings accompanying are the 
results of a record kept at the Delaware and Raritan canal dam, 
about 5 miles above New Brunswick, by William Fisher : 
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FLOW OF THE RARITAN AT BOUND BROOK, 1890-3. 


Drainage area, 879.0 square miles. 
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MONTH. 


INOVCM Dei Eig dosscers seteteceeercccaciaceces 
IMECEM Der setae cos catoaveeessvescwteae tees 


ANUATY erassheesesces cvereccaseeseascsaes 
INGDTUATY rscacevceccwssse Wet att reaheeees 


CURIA C/o asian abonobioconicanodonc00%60Ga0000 
Ile DRUAt Ye rriesssseagrcress cencesneeasutee ss: 
MAC Wenteeetenensepsecn ssh saccnss en Bebsed 


FLOW IN CUBIC FEET PER 


a . SECOND. 

B 3 

Aa hace 

=| Ss é A 
= Laval oo cob) 

| | g be - 

g 5 z 5 
‘3 S y & > 
4 Fy ©) 4 xq 
1.58 .98 2,772 1,406 1,938 
6.26 | 6.13 |17818 | ‘872 | 4797 
2.74 2.26 3,265 874 eho 
4.95 1.95 4,060 752 1,489 
3.97 1.32 2,824 462 1,040 
5.68 1.18 2,022 498 898 
5.18 1.58 3,405 498 1,205 
4.31 1.34 2,823 493 1,064 
6.74 3.06 7,133 859 2,360 

88 1.30 1,779 781 1,016 
8.55 2.16 7,526 462 1,654. 
7.06 4.92 | 23,746 420 3,738 
421 | 347 | 6056 | 1,295-| 2,931 
464 | 447 |10,142 | 1386 | 3,404 
1.83 1.62 3,439 512 1,276 
2.70 59 735 245 450 
1.75 24 509 113 189 
3.92 .28 326 180 218 
6.58 94 5,804 148 716 
1.72 86 2,564 253 678 
2.68 43 804 208 328 
2.21 54 1,174 201 426 
4,74 2.36 8,215 292 1,798 
5.58 4.57 | 22,760 990 3,482 
119 | 131 | 5182 | 720 | 1,066 
8.98 2.59 7,941 795 1,974 
2.02 1.25 1,893 677 985 
4.62 1.47 3,177 513 1,120 
4.06 1.60 | 10,927 443 1,261 
4.11 57 2,764 180 434 
3.61 AT 2,201 180 858 
2.75 Bil (fala 180 244 

32 24 201 122 183 
6.99 2.18 | 20,698 122 1,718 
1.68 1.29 2,610 609 983 
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FLOW OF THE RARITAN AT BOUND BROOK, 1890-3—Continued. 


Drainage area, 879.0 square miles. 


FLOW IN CUBIC FEET PER 
- Ee SECOND. 
wv oO 
ra P=! 
oO oO 
MONTH. | =| ; ; 
Lama Laval A 8 
| | g a S 
a ae S 3 g 
ey ae eo) 4 <q 
1893. 
AERTS gdpanseeaséoc dasncanqocceconcosuonnen 3.39 2.11 | 12,514 720 1,608 
ICDL ALY, copsrce cecsnecetoaracecdoreesseares 6.28 4.16 | 15,772 1,228 3,494 
Mar chivevsecssccsasotces-ocsscceronceensens 3.41 5.27 | 19,125 878 4,016 
Atotalirecscedcuasctionysecestessansacncsn sonst 4.65 4.00 | 10,091 918 3,152 
Miairrcethss sac stres cove sacces enocteanece stars 4.28 3.30 | 10,987 387 1,515 
UMC ee racee 3.57 64 2,130 180 504 
Ujuliyaetienas ctacescussacteoestanecsscasses eeas 3.14 43 820 180 328 
PRU USbecedenctaccose tes sesavscrosedenartease 8.27 1.45 5,893 180 1,105 
DepbemMm Der ae-ssacscccceeoscanecteorechetes 3.60 ap 3,284 157 559 
OCUODED icoseecceecccscstosusacbessncesecenes 3.86 95 4,494 180 724 
INOVOmMpEri.s.s2:ccsenssscnecrseassen ttre. 3.59 1.50 7,352 291 1,190 
December <<. sence seneceestosasecnettenete 3.12 2.63 5,698 180 2,004 
Rain—Inches. Flow—Inches. 
Juneto November, 1S900. .s.asssssscasessscesies sseeeeles 26.76 9.78 
Decemherito May SOU. cscct.cuereearcersaveseasncs 23.99 17.23 
JuneitoeNovember, LOL s.c.sccsccesaeesseecaesn tas one 18.86 3.29 
bYicarsl S90 peccssecascectseesersaerececsttsasenens 42.85 20.52 
Decemberito May, 1892 \. seers casscveenesovseeessaeecses 22.13 13.55 
Juneto November, 1892s. pass. snercscssessnesevcicers 21.84 5.37 
Wears] or ccsecdosccvs as teespeateesersesssn ese 43.97 18.92 
December to May, 1893.........cssessereseres aaceeiseeccee DOL 20.13 
June tosNovember, 1893 2..-ccscacccetstsccesceciesacetos 26.03 5.68 
Wear 1892S. ccsseccstssecccatceasoreceecess eeete 49.67 25.81 
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NUMBER OF DAYS THE RARITAN STOOD AT GIVEN STAGES DURING 1,414 Days. 


Cy) co) ro) i) o 3) o 
> > > > > > > 
2 } ° } } S iS 
2 2 2 2 2 2 2 
< <{ < < < < < 
Flow in inches on water-shed in 
DASHOUNSserco canes emma ssiencs 125) .100} .075) .050) .025} .015| 14 
Flow in inches per month......... 3.81 | 3.05 | 2.28 | 1.52 76 46 42 
Flow in cubic feet per second per 
Square mile ce.cs.cscoutecsewecese 8.35 | 2.69 | 2.02 | 1.34 67 40 35 
TBIOMSISPARYS sccccectsecsccesesen sel 33 62 |} 106] 163 | 273) 318] 318 
cootoadecegnodcndbicot ndccocounanGee 56 66 88 | 118} 169 | 220] 247 
SE Paks ncononconncscaoceuneanoassaa6 066086 19 30 46 89 | 235 | 252 | 252 
SO Srreesecease ceccteschesesenuscchect es 43 63 | 121 | 167 | 240} 264} 271 
PAC OUAGOS: Cartavaresteractteseesess 39 57 94 | 139) 289) 275 | 284 
Passaic averages—same years.....| 53 SOM RL ZON LAN 249 ele 29 0) lee cvraetas 


*In making up these averages the figures for 1890 have been increased 15 per cent. to make 
them approximately correct for a full year. 


Table No. 55 of flow is based on the Raritan, and applies especially 
to this stream. In the above table showing the stages of the Raritan, 
the last column will be seen to correspond to the monthly flow avail- 
able during 9 months of the ordinary dry year, as shown in Table 
No. 55. The previous column corresponds to the same figures for 
the Passaic as shown by Table No. 53, and it will be noted that dur- 
ing these two years the actual number of days at which the Raritan 
stood above this stage agrees closely with the number of days that 
the Passaic stood above its corresponding stage. Our 17 years’ 
record on the Passaic showed that, taking the flow by days, the flow 
available for 9 months of an ordinary dry year, as computed by us, 
was really available for 9 months in the year on an average through- 
out the whole period. The above-noted resemblance shows that the 
Raritan also, when taken by days, gives the available flow for 9 
months of an ordinary dry year on an average 9 months in the year. 
On these tables, and similar tables for other streams, we have based 
our conclusions that our estimated available horse-power is really 
available on an average 9 months in the year. It will be noted that 
this does not agree exactly with our computed flow for an average 
year, which shows the flow for 9 months somewhat in excess of the 
flow for 9 months of an ordinary dry year. The reason of this is 
that the average year, as we have previously remarked, is not a 
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natural year, but it really eliminates the dry period which is almost 
sure to occur during some part of every year. 

The minimum flow of the Raritan was observed by the late Ashbel 
Welch, C.E., at the Delaware and Raritan canal dam, during a very 
dry time, to be 180 cubic feet per second. Our table above shows a 
minimum of 122 cubic feet per second, which is at the rate of 0.14 
cubic feet per second per square mile, and this, we have reason to be- 
lieve, is pretty close to the absolute minimum for 24 hours. 

The flood discharge of the Raritan is at a very high rate, and the 
stream is a fluctuating one. This is no doubt partly chargeable to 
deforestation, but the lack of gravels and sand upon the water-shed, 
and the consequent small ground-storage, also contribute. The shape 
of the water-shed, too, has a good deal to do with this result. This 
is such that all the upper branches focus at a point near Bound 
Brook and discharge their flood-flows almost simultaneously, instead 
of delivering one at a time, as is the ease of long, narrow water-sheds 
when the branches are pretty evenly distributed along the main 
stream. The following table of floods which occurred during four 
years covered by the gaugings gives a good indication of their fre- 
quency. The river is just about bank-full at 7,000 cubic feet per 
second discharge at the point of gauging, and nothing less than 
8,000 cubic feet per second would be regarded as really a freshet : 


FLOODS ON THE RARITAN OVER BANEK-FULL FROM 1890 To 18983—roUR YEARS. 


Maximum Cubic Feet 


Date. per Second, Duration. 
Manche23dyl 890) cs. ccnseses tap series cewesssers 17,818 5 days. 
Octopenv24thy a SO0 nes t.. cucceavvscesanoseoneenes 7,133 1 day. 
MecemberjlSth el SOOM wcncencctaetsescvescsoseoncos 7,526 1 day. 
January cpl SOlestecessccctustesestteecteesceser 16,167 1 day. 
Tanuaryi2od glSOl srwcscsosscceesecceeeseve cosets 23,746 1 day. 
Marchipl OGH SON cterscc.csacsssace occemoscresteet 10,142 1 day. 
Marche) 3th US Oletmecnc..coccteseeenerescsceens tase 7,895 1 day. 
March; 24th; 1S 90s... ccsveccersueretasssecastcnts 7,131 1 day. 
WecembersZo thes rirscsssscaccessccsssccscesees 7,654 1 day. 
January Sd; 1892. Ssccccaaesteee tt ccctesereconee 22,760 1 day. 
Panuary al Ath: USO werccssssscessnaesesetocesece se 12,514 2 days. 
January Oth SOR, cevsscceMeceresaess acetates 7,126 I day. 
JUN el Ophy S92: cv. sestanssecaee ceasmeceseeetan ee 10,927 1 day. 


November 16th, 892..,:..ceescorcccctevcese Asean 20,698 2 days. 
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Maximum Cubic Feet 


Date. per Second. Duration. 
A ANNU ATV EA ye OUOuiMeaessasoecacouecessiess res decess 12,514 2 days. 
ENDO MESO Ounnseceteetsscdscacseevscrssessetece 8,448 1 day. 
PADTUBALS HM COGsesesccnssacerccecssstesess ioccseee ss 10,091 2 days. 
Miciaat pLGU Scastsnedatnosesccisaresscccsssst occas +e 10,987 3 days. 
November oun S0assesssssocctcasstescoceeceneess 7,352 1 day. 
Wecemberv4th wlS IS. swevssseacccsrexsce rasscoowess 7,166 1 day. 


Taking floods over 8,000 cubic feet per second in the above list, 
which happens to be the same minimum used for the table of floods 
on the Passaic on a slightly smaller water-shed, we find in all 13 
floods during 4 years, one ranging as high as 23,746 cubic feet per 
second. During the same period there were but 5 on the Passaic, 
and the highest of these had a maximum discharge of 11,701 cubic 
feet per second. As the total discharge of the Raritan in inches on 
its water-shed during this period was less than that of the Passaic, 
this gives a good illustration of the fluctuating character of the flow 
from the Raritan water-shed. The following supplementary table 
gives the list of floods from 1873 up to the beginning of our gaugings, 
mostly collected by Mr. D. H. McLaury, of New Brunswick, and 
although not complete, gives some assistance in forming an idea of 
their frequency and relative height for recent years. Heights are 
given above high-tide mark at Albany street bridge, or in some cases 
at the Raritan Landing bridge, and some idea of the corresponding 
rise above may be gained from the rise in 1882, which was 12 feet at 
New Brunswick, 13 feet at Raritan Landing, 14.2 feet on the canal 
dam, and about 16 feet at Bound Brook. A rise of 13 feet at Raritan 
Landing corresponds to a flow of 52,000 cubic feet per second, of 8 
feet to 24,000 cubic feet per second, of 7 feet to 18,000 cubic feet per 
second, and of 4 feet to 7,500 cubic feet per second. The rise at 
New Brunswick is, at the most, one foot less, ranging down to about 
the same at lower stages: 


FLOODS ON THE RARITAN AT NEW BRUNSWICK. 


Date. Height in Feet. Remarks. 
July SOUS Oren sce ALO OTIS. ccunteet Rain, 5.94 inches, from 27th to 29th. 
August ASST Oh asseeaas ADO veseesasess 5.29 inches rain, on 14th. 
September 18, 1874......... DOO cesecees 7.10 inches, from 15th to 18th. 
March DOr US Osevesdess GiOO Mee ewstsnactes 3.33 inches, on 25th and 26th. 


September 18, 1876......... BU patcanenanos 2.57 inches, on 17th, after wet period. 
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Date. Height in Feet. Remarks. 

October DeULSUH cancstaes GOs caves sence 4.30 inches rain, on 4th and 5th, after @ 
month of dry weather. 

September 24, 1882......... TPAD On cpsonccctc Rain, 11.84 inches in 4 days. No greater’ 
freshet during the century. 

August Ay US8biascenes SO Oincecdivcr er Rain, 3.30 inches, on the 3d. 

February 12, 1886......... SUE ascansecac: Rain, 2.5 inches, with melting snow and ice. 

January 15, 1887......... Sil Disesecnceccee Rain of 1 inch; thaw and break-up of river. 

February 19, 1887......... = i shinosivesens Over banks; rain, 1.52 inches, and thaw. 

July Peay, VeeiSilecccondan SOO Raeenterse ss Rise at Raritan Landing; rose rapidly at 
midnight; 1.43 inches rain after a wet 
period. 

August 2) Ostet saacesoce ALOOMscaew asters After 6 weeks of very sultry weather, a 
shower of 4.62 inches in 1 hour and 15 
minutes. 

January Ye Nekelveemesnbe CHI bsescoesco: From December 28th to January Ist, 3.82 
inches rain, with melting snow and ice. 

February 25, 1888......... <i ayeoressaes Over banks; rain, 1.60 inches, and thaw. 

July Dal Soren edOlO Oneseteccces Heavy shower. 

September 20, 1888........, (2) ges cqewesss A flood; no record of height. 

December 18, 1888......... ZA Resor goadee Rain of 3 inches, on 17th. 

January Ul eSOnccenesce A OO Mcncccsaes Rain, 1.82 inches, on 6th, with thaw. 

April ZS RUSSO) vecssse: (ses cesta sang Rain, 3.67 inches, 26th to 28th. 

June PRESS Or ceeens ADO citeactonass Rain, 2.20 inches, May 26th to June ist. 

August NOSSO rere ne SHS ecomaaucnc Showers of 2.56 inches, following wet period. 

November 28, 1889......... S00 hecesswecets Rise at Raritan Landing. Rain of 2.54 


inches, 27th to 28th, following. 


There have been three great floods on this river during the century, 
completely throwing into the background scores of other freshets 
which would otherwise be considered heavy. The first occurred 
November 24th, 1810, the second July 17th, 1865, and the third 
September 24th, 1882. Of the last, I have been able, by careful 
inquiry, to obtain fair measurements at the Bound Brook dam. It 
began to rise about 3 Pp. M. of the 22d, had covered the canal bank 
at the dam, 11.5 feet above the crest, Saturday, at 3 P. M., and reached 
a height of 14.2 feet above the crest at 5 a. m. of Sunday, the 24th, 
when it was at its maximum, falling within the river banks again by 
7 a.M.of Monday. The overfall at the dam was drowned, so that 
the head for computation is reduced to 12.7 feet, and conditions were 
such that the safest computation is that for a free overfall with this 
head. This gives the foliowing rates of flow, bank-full of the river 
at this point having been ascertained to be a flow of 7,000 cubic feet 
per second. 


STREET SCENES IN NEW BRUNSWICK. 


Freshet on the Raritan, September 24th, 1882. 


WATER-SUPPLY. 215 


PSepiembere 220 se oeby Mile. sccsinscpucenseoree lees 7,000 cubic feet per second. 
es WSC OMB ML: cexcccesses sso oes sensed ssa SLIDS Scat a PORN NRE 
e ALORA Mons cectee dats sasarere cass se 22 O00 Macias Statens 
@ DOU OAs Miessvooassvensrncecserovstes CU lh ee 


This gives a total discharge for these 64 hours of 6,489,000,000 
cubic feet, or 3.36 inches on the water-shed. This amount of water 
would cover Middlesex county 10 inches in depth. It is at the rate 
of 59.3 cubic feet per second per square mile maximum discharge. 

There was a break in the canal at Bound Brook during this flood, 
but the effect of this would be so trifling on the general result, or 
even the maximum discharge, that it may safely be neglected. We 
noted, in our discussion of this flood on the Passaic, that the total 
discharge amounted to 3.13 inches on the water-shed. The above 
shows almost the same total amount discharged. In our estimate of 
flow during the second year of the driest period in Table No. 55, the 
cause of this great flood is well shown, although the rainfall there 
given is not exactly as it occurred on the Raritan water-shed. It is 
so similar, however, that it is not necessary for us to make a special 
computation for the Raritan. From April to August, inclusive, the 
total evaporation, as shown in Table No. 46b, had been 16.85 inches, 
and the total flow, as shown by Table No. 55, 4.67 inches, making a 
total draught upon the water-shed of 21.52 inches, whereas the rain- 
fall had only been 15.29 inches, and the difference of 6.23 inches had 
been drawn from the ground-water. This went on increasing until 
just before the storm which caused the flood, and when the heavy fall 
of 12 inches came it was sufficient to make good this depletion of 
ground-water and still leave 4.73 inches upon the water-shed of sur- 
plus to flow off. The ground having taken up all that it could, this 
surplus rushed into the streams and caused the greatest flood of the 
century. 

The flood of 1865 occurred on July 17th. The cause of this flood 
does not appear directly in the rainfall record at New Brunswick, but 
we find that the ground had been continuously full of water up to 
this date, and it is mentioned that heavy thunder showers occurred, 
beginning at 5 p.M.on the 16th. Taking the average of the monthly 
rainfall at Paterson, Newark, New York and New Brunswick, the 
total flow-off for the month of July would have been 2.18 inches on 
the water-shed. There is evidence in some of these records that the 
showers spoken of were very much heavier on the upper water-shed 
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than they were at New Brunswick, and such heavy showers, falling 
on the surface when it was already full of water, were undoubtedly 
the cause of this flood. It rose with great rapidity, reported to have 
been at one time at the rate of 6 inches in about five minutes at 
Bound Brook. This would indicate the presence of a flood-wave at 
that time moving down the valley. 

'The late Mr. Lawrence Vanderveer informed me that it was 
reported that in 1810 heavy rains began on the 9th of November, 
continuing at intervals until the 24th, when the flood reached its 
height. 

We have been at some pains to establish the relative height of these 
three great floods in 1810, 1865 and 1882 to see if any increase in 
the maximum flood-discharge could be discovered. Mr. John D. 
Field, of New Brunswick, saw the freshet of 1810, and was fully 
familiar with the flood-marks along the river. He is of the opinion 
that it was probably equaled by the later floods, but never exceeded. 
Mr. D. F. Vermeule is also familiar with the lower part of the river, 
and thinks that the flood of 1865 was not so high as that of 1882. 
Mr. Lewis D. Clark, at Bound Brook, has marked most of the high 
freshets, and says the freshet of 1882 was 2 feet higher at his house 
on the river bank than that of 1865. The total rise here in 1865 
was 16 feet. He also thinks that the freshet of 1810 was 3 feet lower 
than that of 1882. Others give the difference to be from 10 inches 
to 3 feet, but at the greater figure it would be fully accounted for by 
the building of the dam below, in 1833, which caused a difference of 
5.5 feet in the height of the river immediately at its site, raised the 
ordinary level a foot or two at Bound Brook, and restricted the flood 
outlet to the opening between its high abutments at the river banks. 
Mr, Lawrence Vanderveer, of Griggstown, says that the water was 
2 feet higher at the mouth of Beden’s brook in 1882 than it was in 
1810, from known marks of the early freshet; but this may also be 
due to the dam at Bound Brook. Altogether the weight of evidence 
is to the effect that the floods of 1810 and 1882 were of about equal 
volume, and the flood of 1865 was somewhat below the others. It 
is well established that there were no others nearly so high in the 
intervals, although there was a high one at the time of building the 
dam in 1832 or 1833, and others in 1836 or 1837 and 1858. 

In the weather record kept by the late P. V. D. Spader, Esgq., at 
New Brunswick, extending from 1847 to 1890, the freshets of 1865 


WATER-SUPPLY. 217 


and 1882 are mentioned, the former being noted to be the “ greatest 
since 1810.” 

Water. supply.—The Raritan carries a large amount of red mud 
when it is swollen. It would require settlement, and possibly filtra- 
tion, before being suitable for public water-supply. Otherwise it 
does not seem to be a bad water, judging from the results of our 
chemical analysis. Above the canal dam to which we have referred, 
it would always be possible to draw 180 cubic feet per second with 
the present pondage. This amounts to 116,329,000 gallons daily. 
At Raritan we estimate the dry-season flow to be 42,330,000 gallons 
daily. The water is pumped at this point to supply Somerville and 
Raritan, the present use being reported at 800,000 gallons daily. 
Water-power is used for pumping. This water is filtered. 

Water-power.—At the head of tide at Raritan Landing there was 
formerly a dam across the river and a mill site. This was destroyed 
by the construction of the Delaware and Raritan canal, and the com- 
pany substituted for it the right to 200 horse-power to be drawn from 
the canal under about 14 feet head. This would amount to 126 
cubic feet per second. The Norfolk and New Brunswick Hosiery 
Company are said to be entitled to the use of about 60 cubic feet per 
second from the canal. This is used on about 11 feet fall. The 
wheels in place there, as reported, would call for about 176 cubic 
feet per second. Our gaugings show, during the daytime, a flow of 
254 cubic feet per second through the canal, and an average flow of 
about 180 cubic feet. We estimate about 45 to be needed for leakage 
and lockage over and above the amount of lockage from the upper 
level of the canal. This would leave 135 cubic feet per second con- 
tinuously available for power, equal to 15.34 horse-power per foot 
fall, and if used with the full 17 feet head available at New Bruns- 
wick would give 260 horse-power. We estimate the power available 
for 9 months of the ordinary dry year to be 36 horse-power per foot 
fall. Allowing for leakage and lockage, if this amount could be 
passed throughout the canal to New Brunswick, it would give, on 15 
feet fall, 465 horse-power, or twice this for 12 hours per day. 

At Raritan we estimate 19.2 horse-power per foot fall, and we find 
20.2 horse-power improved at the Raritan Water Power Company’s 
plant. This consists of a crib dam 240 feet long by 4 feet high, and 
a raceway 8 miles long built about 1840. The fall is about 15 feet. 
The rental is somewhat indefinite, but seems to approximate $28 per 
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horse-power per annum. Between this and the mouth of the Mill- 
stone there is about 11 feet fall unimproved, with not very good 
opportunities for development. 


MINOR BRANCHES OF THE RARITAN. 


Mill brook enters the Raritan below New Brunswick, from the 
north. It has a drainage of 5.4 square miles, and its headwaters are 
in the glacial moraine. At Eggert’s grist-mill, on this stream, the 
drainage area is but 3.5 square miles, and the fall about 20 feet. 
Our table would make the total available power for 9 months of the 
year only about 2.9 horse-power in all, or about 6 horse-power for 
working hours, but this mill appears to be able to do a large amount 
of work and keep one stone running a good deal of the time, so that 
it would appear that this stream has a larger flow than is shown by 
our estimate. This mill is not included in our canvass of water- 
power, its omission not having been noticed until after the printing 
of Appendix I. 

Bound Brook has an area of 61.5 square miles, included in which 
is the city of Plainfield. It is made up of Ambrose’s brook, Bound 
brook proper, and Green brook, which do not become one until within 
a short distance of their junction with the Raritan. Ambrose’s brook 
has a water-shed of about 12 square miles, including an agricultural 
section of the red sandstone, with very little ground-storage. This. 
stream belongs to the type, the flow of which is shown in Table 56. 
It has little value for either water-supply or water-power. Bound 
brook, above the mouth of Green brook, drains 24.4 square miles, 
and has a good deal of sand and gravel on its water-shed. To this 
Table No. 55 applies. At New Market we estimate the available 
power at 0.94 per foot fall, or about 2 horse-power for working hours. 
There is a grist-mill here with 8 feet fall. Green brook flows through 
the city of Plainfield. The western part of its water-shed is on the 
trap ridges known as First and Second mountains, and the eastern 
side contains a considerable sand area, which is quite flat, and on 
which the city of Plainfield is situated, Stony brook is a branch 
issuing from First mountain, west of Plainfield. To this Table No. 
56 is applicable. This water-shed would be suitable for a gravity 
supply if it could be entirely protected from future contamination. 
It is adapted to become a gathering-ground for such a supply if its 
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area can be owned outright, or otherwise controlled. At an elevation 
of 200 feet it has 5.2 square miles of water-shed. At the lowest 
monthly flow, which could be made available with very small storage, 
it will supply 114,400 gallons daily. With 7.26 inches storage it 
will supply 2,964,000 gallons daily. Blue brook, which issues from 
the mountain at Scotch Plains, is similar and has, above 210 feet 
elevation, 6.3 square miles of water-shed, and will supply 138,000 
gallons daily at the least monthly flow, or 3,591,000 gallons daily 
with full storage. As we have mentioned in the case of some of the 
branches of the Rahway, the setting apart of such areas as this for 
gathering-grounds might be a practical solution of the difficulties of 
securing pure local supplies in this densely-populated northeastern 
section of the State. 

Middle brook has a total area of drainage of 18.7 square miles. 
At a mill near the mouth it was stated that the power was available 
only one-quarter of the time during 3 months of the dry season of 
1881. This indicates that during that time it did not exceed .008 
horse- power per foot fall per square mile, which is a sufficient test of 
the applicability of Table No. 56. The village of Bound Brook is 
supplied from the east branch of this stream, the drainage area being 
about 10 square miles and the storage 10,700,000 gallons. By Table 
No. 56 we estimate that with this storage 1,850,000 gallons daily 
will be always available. With 7.26 inches storage, 5,709,000 gallons 
daily could be obtained. The elevation is about 175 feet. The other 
minor branches of the Raritan have no importance, and the larger 
ones we shall now consider separately. 


SOUTH RIVER. 


This is the lowest important tributary of the Raritan. It rises 7 
miles southwest of Freehold, near the Ocean county line, at a point 
20 miles due south from where it empties into the Raritan at Sayre- 
ville. It is tidal and navigable to Old Bridge and drains 1382.8 
square miles, receiving all of its affluents from the east. ‘Twenty-five 
per cent. of the water-shed is in forest, and the population is 83 to 
the square mile. This is a sandy and gravelly water-shed with large 
ground-storage, and belongs to the southern New Jersey type of 
sand-hill streams, The curve of ground-flow used in computing 
Table No. 54 is applicable to such streams, and as the evaporation 
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and rainfall resemble that of the red sandstone plain, this table may 
be used in computing the flow of South river. 

Water-supply.—As a whole, this stream is not suitable as a source 
of public water-supply, but some of its minor branches may be ex- 
cellent sources for local supply. Those which show a considerable 
outcropping of clay and marl, however, should be regarded with 
some suspicion, and carefully examined before adoption. The more 
sandy or gravelly water-sheds may furnish water of excellent quality. 

Tennent’s brook is one of these, and is now used to supply the city 
of Perth Amboy. The consumption is said to be 1,100,000 gallons 
daily. The water-shed is about 10 square miles, and there is suffi- 
cient storage to make the least monthly flow available, which would 
be equal to 1,230,000 gallons daily. With storage equal to one inch 
on the water-shed, 2,500,000 gallons daily, or, with 2 inches storage, 
3,400,000 gallons daily would be available. It is doubtful if storage 
could be got to amount to the full 7.26 inches necessary to utilize 12 
inches per annum. 

Deep run,,the next tributary south, has a drainage area of 15 
square miles, generally similar to that of Tennent’s brook, with 
somewhat better opportunities for storage. This would also be a 
good source of supply, and will furnish at the least monthly flow 
1,845,000 gallons daily. With storage equal to 2 inches on the 
water-shed, 5,100,000 gallons daily may be obtained. 

Manalapan creek, above Jamesburg pond, drains 27 square miles, 
and will furnish at the least monthly flow 3,300,000 gallons daily, or 
with storage equal to 2 inches on the water-shed, 9,100,000 gallons 
daily. This, while it may be satisfactory as a source of supply, would 
require somewhat closer scrutiny than the streams previously men- 
tioned before adoption. On this South river water-shed, as on many 
others, the plan of selecting carefully from the smaller water-sheds 
and carefully watching and fully utilizing the same, is much prefer- 
able to drawing the supply from a larger stream, although thereby 
the expense of storage may be avoided. 

Water power.—South river is highly esteemed as a water-power 
stream, having the reputation of great steadiness during the dry 
season. It is a good illustration of the difference between the type 
of streams represented by Table No. 54 and the flashy red sandstone 
water-sheds represented by Table No. 56, some of which may be 
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found at no great distance from South river among the tributaries of 
the Millstone. 

At Bloomfield mills, we estimate 6.4 horse-power per foot fall 
available during 9 months of the year. Ninety horse-power is ordi- 
narily used on the 7 feet fall, the pondage here and above being suf- 
ficient to make this available during working hours, Manalapan 
creek, at Spottswood, having a water-shed of 42 square miles, will 
give 3.1 horse-power, and at Jamesburg, from 27 square miles, 2 
horse-power per foot fall. ‘There are a number of mill-powers in use 
on the upper branches, but usually rather small. 


— 


~~ 


LAWRENCE’S BROOK. 


This is the next tributary, rising near Monmouth Junction and 
flowing northeast 11 miles to the Raritan, just below New Brunswick. 
It drains 45 square miles, 17 per cent. of which is in forest, and the 
population is 59 to the square mile. The principal importance of 
this stream lies in the fact that it furnishes the water-supply of the 
city of New Brunswick, which is pumped from Weston’s mills, about 
one mile above the mouth. The water-shed lies partly on the red 
sandstone and partly upon the clay district, and is largely overlaid 
with drift gravels, giving a ground-storage like that upon which 
Table No. 54 is based, consequently this table is to be used in com- 
puting its flow. The city of New Brunswick, in 1893, used an aver- 
age of 1,521,097 gallons daily, from 35 to 86 per cent. of the amount 
used in each month being pumped by water-power. This water is 
satisfactory in quality and is used without treatment. We estimate 
that at the lowest monthly flow the stream will furnish 5,500,000 
gallons daily. The facilities for storage are very fair. With storage 
equal to 2 inches on the water-shed, the available supply would be 
15,600,000 gallons daily, and with 4.91 inches, 25,700,000 gallons 
daily could be obtained. 

Water-power.—At Weston’s mills, we estimate the power of this 
stream to be equal to 3.3 horse-power per foot fall available for 9 
months, or 49.5 horse-power day and night upon 15 feet fall. At 
Milltown, on 34 square miles, 2.5 horse-power per foot fall is avail- 
able. At this point a considerable amount of manufacturing is 
carried on. 
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MILLSTONE RIVER. 


This is the next and one of the most important branches of the 
Raritan. It rises close to the source of South river, 26 miles south- 
southeast of its junction with the Raritan above Bound Brook. The 
stream is 35 miles in length, and between its easternmost and western- 
most sources the distance is 80 miles. The fall along the main stream 
from the junction of Stony Brook to its mouth, a distance of 17 miles, 
is only 26 feet. The upper Millstone, above the junction of Stony 
brook, partakes of the general nature of the southern New Jersey 
sand-hill streams, and has large ground-storage. ‘To this part of the 
stream Table No. 54 is applicable, while No. 56 should be applied to 
the red sandstone, and No. 55 to the main stream below the mouth 
of Stony brook. 

Water-supply.—Like the Raritan, the lower Millstone is quite a 
muddy stream when swollen, and could not be used as a source of 
water-supply without settlement or filtration, although in other 
respects our analyses indicate a fair potable water. The population 
is 78 to the square mile, and 9 per cent. of the water-shed is in forest. 
We estimate the least monthly flow above Millstone village to amount 
to 29,600,000 gallons daily. The red sandstone branches are less 
desirable as a source of water-supply than the main stream. Some 
of the branches of the upper Millstone might afford water of very 
fair quality. 

Water-power.—At Weston, from 283 square miles of drainage, we 
estimate 11.6 horse-power per foot fall available, and just below the 
junction of Stony brook, from 164 square miles, 6.7 horse-power per 
foot fall. We find along the main stream from 8 to 20 horse-power 
improved. Sixteen feet out of 26 feet total fall is in use. Royce’s 
branch has a drainage of 18 square miles, and belongs to the type of 
streams whose flow is indicated in Table No. 56. It is not at all 
improved, Five-tenths horse-power per foot fall is available at its 
mouth. Six Mile run is another stream on the same type, draining 
16 square miles. Forty-five hundredths horse-power per foot fall 
should be available at its mouth. 

Beden’s brook, draining 49.9 square miles, is another of the same 
class, which is also very little used. It is noticeable how little power 
is developed on streams of this type, compared with that improved on 
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streams belonging to the class included in Table No. 54, or the High- 
land streams, of equal water-shed, a fact which our figures of flow 
fully explain. Stony brook is another stream of the same class. It 
has a water-shed of 64.8 square miles. Mill-owners report that in 
1881 the stream was practically dry from 3 to 5 months, and no 
attempt was made to run the mills. This statement is corroborative 
of the results shown by Table No. 56. At the lowest mill, from 52 
square miles drainage, 1.45 horse-power per foot fall is available, or 
about 3 horse-power for working hours. 

On the upper Millstone, as we have remarked, Table No. 54 applies, 
and the whole stream, with 98.8 square miles drainage, we estimate 
will afford from its least monthly flow 12,200,000 gallons daily, or 
with 2 inches storage 34,400,000 gallons daily, being about 53 cubic 
feet per second. With storage amounting to 4.91 inches, which 
probably could be obtained with little difficulty, 56,500,000 gallons 
‘daily, or 87 cubic feet per second would be available. This stream 
with Stony brook, which with 7.25 inches storage would supply 57 
cubic feet per second continuous, making for the two streams 144 
cubic feet per second, might possibly be utilized for the supply of the 
proposed ship canal across the State. We have seen also that the 
upper Millstone might be suitable as a source of water-supply. It 
is not as desirable for this purpose as some of the Atlantic coast 
streams of southern New Jersey, and is not very likely to be utilized 
so long as such waters as those of the Highlands or Delaware river 
are available, and this remark applies equally well to the waters of 
the lower Raritan. 


NORTH BRANCH OF THE RARITAN, 


The main affluent of the North Branch, which is known as Lam- 
ington or Black river, rises less than a mile east of the foot of Lake 
Hopatcong, and 25 miles due north from its junction with the Rari- 
tan. The lower portion of the water-shed is on the red sandstone 
plain, having a general elevation of about 250 feet, but the principal 
and upper part is upon the Highlands, with an average elevation of 
about 750 feet, ranging as high as 1,100 feet. The whole drainage 
of the North Branch includes 191.6 square miles, 15 per cent. of 
which is in forest. The Highland portion has about 30 per cent. in 
forest. The population averages 72 to the square mile. To the 
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‘Highland tributaries Table No. 51 applies, and to the lower stream 
Table No. 55. 

Water-supply.—The Highland portion of this stream is one of the 
desirable gathering-grounds of the State for a gravity supply. Lam- 
ington river above Pottersville drains 33 square miles. This area 
includes a marsh along the stream 7 miles long and one-fourth to 
three-fourths of a mile in width. The peaty matter from this marsh 
gives the water a brownish color, which gives rise to the name Black 
river, but the color is slight and would probably disappear after set- 
tlement. Above 500 feet elevation the drainage includes 31.4 square 
miles, which with 7 inches storage will supply 21,000,000 gallons 
daily. This storage may be obtained in the ravine above Potters- _ 
ville and on Tanner’s brook. When the iron mines at Chester and 
Hacklebarney are in operation there is a considerable amount of mine 
water poured into the stream, and this also would require settlement, 
but the mines are not likely to cause much trouble in the future. 

The North Branch above the junction of Peapack brook drains 
29.1 square miles above an elevation of 140 feet, which, with 7 inches 
storage, will supply 19,300,000 gallons daily. At the junction of 
Burnett brook, an elevation of 400 feet can be obtained with 17 
square miles drainage, which will supply 11,300,000 gallons daily. 

The north branch of Rockaway creek has a drainage area of 12.5 
square miles above 400 feet elevation at Mountainville, from which, 
with 7 inches storage, 8,300,000 gallons daily may be obtained. This 
is in all respects an excellent gathering-ground. 

Water-power.—At the mouth of the North Branch we estimate 7.8 
horse-power per foot fal], and just below the junction of the Lam- 
ington river 6.35 horse-power. We find the average about 10 horse- 
power improved. There is a total of 30 feet fall, of which 10 feet is 
improved. Above Lamington river the North Branch has a high 
flood discharge. We estimate 3.2 horse-power per foot fall available, 
and below the mouth of Peapack brook 2.9 horse-power. Below 
Burnett’s brook we estimate 1.2 horse-power. Between this and the 
mouth of Peapack brook there is a fall of 220 feet, 38 of which is 
improved. It is said that floods last about 36 hours from the begin- 
ning of the rise. to their subsidence within the banks, and that the 
stream becomes quite muddy when swollen, At Roxiticus there is a 
water-power in use which is said to have been originally improved in 
1680. 
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Peapack brook has 13 square miles of water-shed which is not 
very desirable as a source of water-supply. We estimate the power 
at the mouth, from this brook alone, at 0.9 horse-power per foot fall, 
but the mill there draws part of its power from the North Branch. 

Lamington river drains 92 square miles, and we estimate 4.6 horse- 
power available at Burnt Mills for each foot fall. This stream rises 
quickly, and is said to become very muddy when swollen. At Pot- 
tersville, it is quite free from mud, and the total duration of floods is 
said to be about 36 hours. At this point, we estimate 2.2 horse- 
power per foot fall, and at Milltown, near Chester furnace, from 23 
square miles, 1.5 horse-power. The fall between these two points is 
420 feet, of which 105 is improved. Three hundred feet remains 
available, with an average of 1.8 horse-power per foot fall available 
during 9 months of the year. 

Rockaway creek drains 39.4 square miles, or, at the junction of 
the North and South Branches, 36 square miles, giving 1.8 horse- 
power per foot fall available, and we find 3.3 horse-power improved. 


SOUTH BRANCH OF THE RARITAN, 


This stream rises in Budd’s lake, the only natural Jake upon the 
Raritan water-shed. Another of its branches, Drake’s brook, rises 
at the foot of Lake Hopatcong close to the source of the North 
Branch. It is 42 miles long, encircling the water-shed of the North 
Branch on the northwest and southwest. It drains 276.5 square 
miles, of which about 100 square miles is in the Highlands, with an 
average elevation of about 750 feet, ranging as high as 1,200. The 
remainder is on the higher portion of the red sandstone, between 100 
and 800 feet in elevation, with an average of about 400 feet. 

Water-supply.—A. small amount of water is pumped from the 
South Branch to supply Flemington, the pump being located at Ker- 
shaw & Chamberlain’s mill. Above High Bridge, Table No. 51 
applies, this being purely a Highland water-shed, with a drainage 
area of 67 square miles. The elevation here is 260 feet, and with 7 
inches storage the stream will supply 44,700,000 gallons daily. 
Above Califon, at an elevation of 500 feet, the stream drains 55.5 
square miles, and will supply, with the above storage, 37,000,000 
gallons daily. The necessary reservoir capacity may be obtained on 
the main stream just above Califon, at Flanders, and just below the 

15 
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mouth of Turkey brook. The latter reservoir would have 11.3 
square miles drainage, and would supply 7,400,000 gallons daily at 
an elevation of 800 feet. 

Budd’s lake is a beautiful sheet of water, nearly one and one-half 
miles long by three quarters of a mile wide. It has a water-shed of 
4,5 square miles and will supply 3,000,000 gallons daily. Its eleva- 
tion is 933 feet. 

Spruce run has an area of 12 square miles above Glen Gardner at 
440 feet elevation, and will supply 8,000,000 gallons daily with 7 
inches storage. The other branches of the South Branch have little 
importance. 

These Highland headwaters of the Raritan will furnish an aggre- 
gate gravity supply of 90,000,000 gallons daily above 400 feet eleva- 
tion. They are second to the Passaic headwaters in desirability and 
about on a par with the Musconetcong. 

Water-power.—At the mouth, we estimate 13.8 horse-power per 
foot fall. Above the mouth of Neshanic river, from 186 square 
miles drainage, 9.3 horse-power per foot fall is available, and at 
Hamden 145 square miles of drainage area will give 8 horse-power. 
Between these latter points we find from 15.5 to 20 horse-power 
improved. There is a total fall of 80 feet, of which 45 is in use. 
Above Clinton, with 112 square miles of drainage, we estimate 7.5 
horse-power availabie, and at High Bridge, 4.6 horse-power. At 
Califon, we estimate 3.8 horse-power available for each foot of fall. 
Between this and High Bridge there is 220 feet fall, of which 74 
feet is in use, leaving 146 feet with an average of 4.2 horse-power 
per foot fall, day and night, for 9 months of the year, still to be 
developed. 

We estimate the power of Spruce run, at Glen Gardner, 0.83 
horse-power per foot fall. At the lowest mill on Neshanic river, 
Table No. 56 gives 1.54 horse-power. This latter stream and all of 
the red sandstone branches upon the Raritan water-shed belong to the 
class of streams the flow of which is given in Table No. 56. 


DELAWARE AND RARITAN CANAL. 


This is the most important artificial waterway of the State. The 
main canal runs from the head of navigation on the Raritan, at New 
Brunswick, to the Delaware at Bordentown, a distance of 43 miles. 
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The feeder, which is also navigable, runs from the main canal, at 
Trenton, to the Delaware river, at Bull’s island, a distance of 22 
miles. A peculiarity of the canal is that its summit level extends 
almost to the banks of the Delaware, at Trenton, and the water of 
the Delaware river is brought through the feeder entirely across the 
State, emptying into the Raritan at New Brunswick. The width of 
the canal at surface is about 80 feet, at bottom 50 feet and it is 9 feet 
deep. There are 14 locks on the main canal and 2 on the feeder, 
making 16 in all. The locks are 220 feet long by 24 feet wide, with 
7.5 feet of water over the mitre sills. The canal was built about 1833. 
Its cost was reported in 1854 to be $3,707,916, and in 1880, $4,735,- 
353. The gross receipts in 1854 were $474,740, and in 1880, 
$419,431. The tonnage in 1880 was 1,348,082 tons. The maxi- 
mum traffic upon the canal was probably during the civil war, when 
it was extremely heavy, taxing the canal to its utmost capacity. The 
season of navigation usually lasts from April Ist to the middle of 
December, or about 250 days. The traffic is drawn from ports on the 
Delaware river below Trenton, and those on Chesapeake bay through 
the Delaware and Chesapeake canal, and also from the Schuylkill 
canal and the Lehigh canal via the Delaware division of the Penn- 
sylvania canal, boats being locked from the latter into the Delaware 
river and thence into the feeder at Lambertville. At the eastern end, 
the Hudson river ports and the Erie canal and ports on Long Island 
sound are reached, but at present the largest part of the traffic con- 
sists of coal from the Pennsylvania canals, carried to New York har- 
bor, &c. Two classes of barges were in common use until recent years. 
Those from the small canals in Pennsylvania measure 90 feet long by 
10.5 feet beam, drawing, when loaded, 5.5 feet of water, and the river 
boats from the Hudson river and the Erie canal, measuring about 100 
feet long by 17.5 feet beam and drawing 7 feet of water when loaded. 
The canal will accommodate 500-ton barges, and recently barges of 
300 tons and upwards have been considerably used. There is quite a 
considerable amount of freight carried in steam vessels. The water 
to supply the canal, excepting the 5.34 miles at the New Brunswick 
end, is drawn entirely from the Delaware river, at Bull’s island. 
The feeder is also used as a raceway for water-power for the mills at 
Lambertville, a list of which is given in our Appendix I. We have 
observed from 516 to 260 cubic feet per second flow through the 
upper part of the feeder, the larger amount being that ordinarily 
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used when all the mills are running. Of this, 192 cubic feet per 
second was used for the mills and returned to the river at Lambert- 
ville, 324 cubic feet per second being permanently diverted to supply 
the canal, Fifty-nine and two-tenths miles of canal and feeder have 
to be supplied with water for evaporation, leakage and lockage at 
Bordentown and Five Mile lock. At the time of our examination, 
about 100 cubic feet per second appeared to be used for this lockage, 
and the remainder, or about 3.7 cubic feet per second per mile, went 
to make good leakage and evaporation. The Raritan is drawn upon 
to feed the level from Five Mile lock to New Brunswick, and also 
to furnish power to the mills at New Brunswick. We have observed 
an average flow through this level of 254 cubic feet per second during 
the daytime, and the draught from the Raritan alone averages about 
180 cubic feet per second day and night, only falling below this at the 
very rare intervals when the river flow becomes less. The above 
draught from the Delaware and Raritan must be taken into account 
in dealing with those streams below the points of diversion. 

The following table gives the distance from the outlet lock at New 
Brunswick, and the elevation of the water surface of the cana! above 
mean tide: 


DISTANCES AND ELEVATIONS ABOVE MEAN TIDE, DELAWARE AND RARITAN 


CANAL, 
Distance. Upper Level. 
Miles. Elevation in Feet. 

Outlet Lock, New Brunswick.,.........0.+0:esseesss Sey ene sits 5 

Deep Lock, New Brunswick..cscs1sscces cases caveeese .67 17 

Five Mile Lock, near Bound Brook............0000 4.34 25.1 
hock Bound eBuookeesaccs acs decree caetnes 7.01 32.5 
Meng Malev Mock mV estonvccsercscetcteecer neater 9.51 40.9 
THOCKS GUIS OStOWilr saceane vcs ocesseosnosrecetetiedieiessee 19.01 48.8 
MOCKING StOMe cossnecs wey actsaetcateascsteceurenerecs 23.34 56.3 
State Street hock, Trenton: ..scsscsseheocerercedee 37.01 56.3 
Ibrson ;Dockstbrentonmctecsaes-sacectoea sour a aeteces 37.81 50.9 
Mo ckgNoes yMrentons ssccstendesresctceeeceeseere eer 38.67 42.4 
Woges Noss siren toute, terceetvesstenr core cuahe wectae 38.96 30.7 
MPOCKENO.eseErentonrrcimecscsesorcseuesenecescete ree: 39.56 18.4 
Outlerock, Bordentown s-wscsccsesteccssensarerectene 42.89 8.7 
HightiderBordentowntssse testes: ene ences emacs 3.8 

FEEDER. 

Canalvat dPrentont..ccccessespeskenscereonce tite Aboacooods: “Basdade 56.3 
Lambertville, below Lock......, Saco eaanshdlidecasadara 14.5 58.7 
Lambertville, above Lock.........0. pebooROnDCOUSOne rode Seas: : 68.7 


Bull’s Island, Delaware River......... seeewne cvooacs. Als 69.9 
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DELAWARE RIVER. 


This stream rises in the State of New York, in the western Cats- 
kill region near the east line of Delaware county, the remotest source 
being near Hobart, at an elevation of about 1,900 feet. ‘ Its drainage 
in the State of New York is nearly co-extensive with Delaware and 
Sullivan counties. It forms the line between New York and Penn- 
sylvania for nearly 100 miles above Port Jervis. At the north- 
easternmost corner of New Jersey, at the junction of Neversink 
creek, the total drainage area, including the Neversink, is about 3,600 
square miles. The elevation of the river at this point is 411 feet. 
Thence to the Delaware capes, a distance of 245 miles, it forms the 
boundary of the State of New Jersey. The total length of the river 
to the capes is 410 miles, and above the head of the bay 360 miles. 
It is navigable with a low-water depth of 5 feet to Trenton, 130 
miles from the capes, having a depth of not less than 22 feet at half 
tide up to Camden, 100 miles. Its drainage area above the head of 
tide and navigation at Trenton is 6,916 square miles, and below the 
mouth of, and including the Schuylkill, 10,100 square miles. Above 
the head of the bay the portion of its drainage area within the State 
of New Jersey amounts to 2,345 square miles, or about one-fifth of 
the whole, and the tributaries of the bay drain 1,060 square miles, 
making 3,405 square miles in all, or 45 per cent. of the whole State 
lying within the Delaware basin. 

It will be seen from the above figures that this is the most important 
stream of the State, and that the interest of New Jersey in the stream, 
including all from Port Jervis to the bay, is a large one. The head 
of the bay we consider to be at Reedy island, 51 miles from the capes. 
Of the New Jersey branches of the Delaware, Flat brook, Paulinskill, 
Pequest, Lopatcong, Pohatcong, and Musconetcong rivers belong to 
our Kittatinny valley and Highland class of streams, the flow of 
which is given in Tables Nos. 51 and 52. These streams we have 
already considered. The branches below the mouth of the Musconet- 
cong to Trenton are small, and all belong to the class of flashy red 
sandstone streams, the flow of which is given in Table No. 56. 
These we will consider later. The branches of the Delaware from 
Trenton to Camden, and those below Camden each form a class by 
themselves, and will be taken up hereafter. The more important 
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branches outside the State of New Jersey are given in the accom- 
panying table, the areas being mostly taken from Prof. George F. 
Swain’s report on the Middle Atlantic water-shed, contained in 
Volume XVI. of the Tenth Census of the United States, to which 
report I am indebted for many facts relating to the Delaware water- 
shed. 


Entering Drainage Area. 

Branch. Delaware River at Square Miles, 
@hristiana @reeka.ccsccavesecssuesnaces Wilmington, Del............... 465 
DC MUV IRTP ChE cetereescccatereees ee Philadelphiawbacc.cseca.cees 1,912 
Neshaminy Creek.......sscscssssesevees Opposite Beverly, N. J........ 228 
PohickoniG@reckweseccsaccov erase ceteses Point) Pleasant, Pass..ceseesee > 102 
Hebi GheRiVerscesscssecrecsdeceeeencscess BAStOnW bakeecare sressedeten stele 1,332 
BushkUs Creeks .ccncvocsatetsecetrets oo Haston ibaveatesarcssasceocteacece 75 
Analomink, or Broadhead’s Creek..Water Gap, Pa..... ccccsesseees 289 
IBushKill Creeks cccccscntecsnsesc sss Busi Kill Oar cesses teeceee 158 
INeversink Rivericsn.rcsecsceosecossess Carpenter’s Point, N. Y...... 346 
Lackawaxen River........:scsscsessees Lackawaxen, Pa... .ccccs.ccccce 597 
WiesbiBrancha.stecdaesendetesseceseccsss \WialtomsINaXGc...ccsesscecsces 348 
Haste Drancliacncsseescctdeserectessessat Above Beaver Brook, N. Y.. 520 


We have not a great amount of data as to the flow of these 
branches. The following table of dry-season flow for the Schuylkill 
is compiled from Prof. Swain’s report in the Tenth Census already 
alluded to, and may be of interest in this connection: 


DRY-SEASON FLOW OF THE SCHUYLKILL. 


Drainage area, 1,912 square miles. 


USL Gresseesst ceceoarscnosesercceertceccctancecerene 771 cubic feet per second. 
VS 20 rete tersstaee Becasenenacee teccinenstinsccecns 680 es « 
11a (aie eneaancoc Oca Bcccoso cee enaodbonoad menceane 617 ¥ ; 
UST Averrmasetoneren cate ccs seecteaGenseu sakes 380 is a 
NGO rccmmcnsneraunecsetoneccie cscetcacsdeuscertes 310 4 if 


The last is at the rate of 0.165 cubic feet per second per square 
mile. 

For the Neshaminy and Tohickon we have the tables of gaugings 
already given among our long series, on which we have based our 
conclusions as to evaporation and flow. The maximum and minimum 
flow of each is also given in Table No. 42. These streams are the 
types on which we have based Table No. 56, showing the flow of 
small red sandstone water-sheds with little ground-storage, and the 
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type curve of ground- flow shown in Plate VI. is obtained from the 
above record also. The Lehigh is a very flashy stream with heavy 
flood-flow, the maximum being estimated from high-water marks to 
be about 55 cubic feet per second per square mile. 

The percentage of forest upon the Delaware water-shed is not 
accurately known, but we can form an approximate idea from the 
areas of improved land in farms given in the Tenth Census. The 
difference between the total area of a county and the area of improved 
land in farms is found to be, in the New Jersey portion of the Dela- 
ware water-shed, 10 per cent. in excess of the amount of forest ob- 
tained from actual survey. Applying these figures we obtain the 
following table, which we believe is not far from the truth. We 
have set down the percentage of improved land, and of the remainder 
10 per cent. has been classed as barrens. This portion includes 
waste land, highways, city and town sites, &c. The part classed as 
forest may be safely assumed to run pretty evenly through all the 
grades, from brush land to heavy timber : 


POPULATION AND PROBABLE FOREST ON DELAWARE WATER-SHED. 


Population Improved Lands. Barrens. Forest. 
per Square Mile, Per cent, Per cent. Per cent. 
Above Water Gap.......... 31 34 7 59 
PADOVCmUaStOnrestees weeesse 43 39 6 55 
Above Trenton............68. 98 43 6 51 
WMehighwkiviersesessoccsseaes- 415 48 5 47 


The above table shows also the population per square mile, which 
is seen to be very small for the portion above Easton. On the water- 
shed above the Water Gap the population has decreased considerably 
between 1880 and 1890, the above figures being based on the census 
of 1890. On the Lehigh and the lower water-shed the population is 
larger and increasing. 

During a discussion of the flow of streams at a meeting of the 
American Society of Engineers, of which he was then Vice Presi- 
dent, the late Ashbel Welch, C.E., gave the following information. 
This was November 3d, 1879: 


“The river Delaware discharges, at the driest seasons, a little less 
than 2,000 cubic feet per second. * * * When I first knew the 
Delaware, nearly half a century ago, the minimum flow was probably 
4,000 feet per second, twice as much as now. 
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“The 2,000 cubic feet per second was a measurement some years 
ago; the 4,000 cubic feet was a very rough measurement at the time 
in various ways, none of them accurate, but still corroborating each 
other, so that I probably got results within 10 per cent. of the truth. 

“The discharge in the highest flood ever known before 1841, that 
of 1787, was not more than two-thirds as much as that in the great 
flood of 1841.” 

J. J. R. Croes—“ Has there been any great flood since 1841?” 

Ashbel Welch—“ There have been two, one of which was nearly if 
not quite as high. The flood of 1841 and two subsequent floods must 
have discharged nearly twice as much water as any previous floods 
since 1787, and 50 per cent. more than the flood of 1787. I suppose 
that there is not, at the lowest stages, more than half the water in the 
Delaware that there was half a century ago, and that the highest 
floods carry off 50 per cent. more per hour than any flood known 
before 1841.” (Trans. Am. Soc. C. E., July, 1881, page 243.) 


In the Annual Report of the Chief Engineer, United States Army, 
for 1873, Appendix U 19, there is a full report on the Delaware 
between Easton and Trenton, made by Assistant Engineer Mansfield 
Merriman. The following notes of floods, known locally as “ freshes,”’ 
have been abstracted : 


“The time required to bring a raft from these points to Easton 
varies with the height of water and direction and force of wind. In 
ordinary rafting freshets of five to ten feet (rise), however, the time 
appears to be, from Delhi to Easton, 165 miles, 40 to 48 hours; 
from Walcott to Easton, 165 miles, 40 to 48 hours; from Hancock 
to Easton, 125 miles, 30 to 36 hours; from Callicoon to Easton, 100 
miles, 24 to 30 hours; from Easton to Trenton the time is from 10 
to 12 hours; so that the entire trip from Walcott or Delhi to tide- 
water is performed in from 50 to 60 hours, showing the mean velocity 
to be from 4.3 to 3.6 miles per hour. 

“In general it may be said that the river is subject to three classes 
of floods; the ice floods, which happen at the breaking up of the 
river; the rafting floods, occurring later, from the spring rains, and 
the fall floods, caused by the storms of September and October, which, 
however, are very irregular. 

“The ice floods, at Easton, are usually from 10 to 20 feet in 
height, but on many occasions have been known to rise much higher, 
the ‘great flood’ of 1841 having reached 35 feet. The great accu- 
mulation of water here is owing to the influx of the Lehigh, a very 
turbulent stream in time of freshets, and to the narrow, steep banks 
ba which the Delaware is confined, its width being less than 

eet. 

“The rafting freshets in the spring are of less rise, but of longer 
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duration than the ice floods; at Easton, ranging from 3 to 10 feet ; 
at Lambertville, 1 to 8 feet, and at Trenton, 1 to 6 feet. A very 
remarkable rise, however, occurred on June 8th, 1862, which was 32 
feet at Easton, and next to that of 1841, the greatest flood on record. 
“The following is a partial list of the ‘great floods,’ with the 
heights to which they rose, as nearly as can now be ascertained : 


NAME OF FLOOD. | DATE oF occuRRENcE, | 2®!¢HT TO WHICH IT ROSE ABOVE 
LOW WATER. 
Pumpkin fresh.......... October 6th, 1786........ 16 feet at Lambertville. 
=e 1798 Not as high as last, but exact 
Pe height not known. 
Jefferson fresh........... —— —-, 180l........ 14 feet at Lambertville. 
—-, 1814........ 14 feet at Lambertville. 
March —-, 1882........ 12 feet at Lambertville. 
April —-, 1836........ 14 feet 6 inches at Lambertville. 
April —, 1889........ 14 feet 6 inches at Lambertville. 
35 feet at Easton, 23 feet at Bull’s 
GrredtgHoodis ccc scene January 8th, 1841........ | island, 20 feet at Lambertville, 
28 feet at Lamsin’s island. 
October 13th, 1843........ 14 feet at Lambertville. 
March 15th, 1846........ 17 feet 6 inches at Lambertville. 
UNE HMOs Ue acaseccss sess: June 8th, 1862)....... 42 feet at Easton. 
‘October fresh............ October —-, 1869........ Exact height not known. 


“The point which has been particularly forced upon my attention, 
in connection with this subject, is the great frequency with which 
‘floods now occur, as compared with the time previous to 1835. While 
the preceding table is supposed to contain the record of every ‘ great 
freshet’ previous to 1841, it by no means shows those occurring since 
that date. In fact, they have become too common to be a matter of 
record. Previous to 1835, floods of 12 feet, at Lambertville, were 
considered very high, while 14 feet had been attained only three 
times within the memory of man—in 1786, 1801 and 1814. But 
since that time floods of 14 feet have become common, while three 
have occurred—1841, 1846, 1862—in which probably one-third to 
one-half more water has been discharged than in any previously 
known. ‘This is undoubtedly to be attributed to the clearing away of 
the forests in the river basin. 

“To recapitulate, then, this branch of my subject, I may say that 
the stage of the river throughout the year is ordinarily as follows: 
January, frozen and medium height ; February and March, breaking 
up and high; April, May and June, high; July, subsiding; August 
and September, low; October, low, but subject to high freshets ; 
November, low, often very low; December, rising a little and 
freezing.” 
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These stages agree well with those of the Connecticut, and the 
further agreement in low seasons and flood-discharges leads us to be 
guided by the valuable record of flow of this stream in computing the 
flow of the Delaware. The flood of 1869 rose 32 feet at Shapnack 
island, below Dingman’s Ferry. At Walker’s Ferry it was 2 feet 
lower than in 1841; it began to rise at midnight of Sunday, reached 
its height Monday at 3 Pp. M., and was within its banks again Tuesday 
afternoon. There was a high freshet on April Ist, 1854, on the 
upper Delaware. December 15th, 1878, there was a freshet which 
was nearly as high as that of 1869 at Smith’s Ferry, according to 
Mr. D. H. Smith. This freshet rose 20 feet at Carpenter’s Point. 
Mr. Smith says an ordinary freshet requires a day to reach its height, 
stays at its maximum only an hour or two, and recedes in another day. 

The collection of fuller flood-notes of this stream is desirable, and 
a careful study of its flow should be made. Almost everywhere the 
flood plain of the river has been built up to the height of maximum 
floods, for with its rapid current the stream tears away great volumes. 
of earth, and as soon as the water spreads over the flats, and the cur- 
rent is checked, this detritus is deposited. 

At Centre Bridge a mark was made by Col. Simpson Torbett and 
Martin Coryell for the very low water of 1831, and since then, in 
1879 and 1881, very low stages have been referred to the same mark. 
The mark is on the New Jersey abutment of the bridge. In 1831 
the water was 12 feet below this mark; in 1879 12.5 feet, and in 
1881 13.21 feet. (See Climatology, page 375.) 

During the preparation of this report a series of gaugings has been 
made at Centre Bridge, at different stages of the river, for deter- 
mining its discharge for given heights. From the results of these 
gaugipgs and observed slopes of the river at various stages, and 
recorded high-water marks of various floods, we have been able, by 
the use of the Kutter formula, to prepare the accompanying table of 
discharges, showing maximum and minimum flows at various dates: 
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COMPUTED FLOW OF THE DELAWARE AT CENTRE BRIDGE. 


Drainage area, 6,790 square miles. 


Dry-Season Flows. 
: g 
3 ’ ‘= CUBIC FEET PER SECOND. 
= Laan} io] 
oj Se & 
S % 3 3 2 3 
at on ® c 
DATE. ee ic & & So 3 &) 
43) == °° gs ES ries 
"a0 § =e 3a S = aa 
os oS we £g & $3 
Xe 2 SH Qs s) Ars 
PNUDUIMI MO OL tes ccecscctoere 0. 1.20 1,599 WOUG) 0 1,919 
November, 1879* ..........., —.50 1.05 1,230 1,291 575 1,866 
September, 1881%*............ —1.21 82 850 97 575 1,272 
November 3d, 1892......... CLA | seceese |) lesseass 2,350 440 2,790 
September, 1894............. — 31 1.05 1,344 1,411 310 1,721 
Freshets. 
January 8th, 1841%*......... 25.2 11.68 | 21,716 | 253,643 | 1,000} | 254,643 
June: Sth, 1862*........2...0. 23.2 11.19 | 19,934 | 223,064 575 223,639 
Assumed Rise ..... ....+ 20.6 9.81 | 17,645 | 173,097 575 173,672 
PADUALY US Olencccnssssesces 16. 8.383 | 12,857 | 107,142 200 109,142 
November 5th, 1890........ 9.74 5.89 8,425 49,623 575 50,198 
January 14th, 1892......... Oe SEE Asaooonk 48,500 200 48,700 
August 24th, 1891........... 8.53 5.80 7,847 | 45,513 575 46,088 
January 18th, 1892......... UWeea sence Sp OODHERY 36,400 200 36,600 
PATIL Dye O Dicer veissnetecsine eds |) socec8A ||) (secbonkes 35,800 440 36,240 
May 24th, 1892.............. eA) inccecnosllia oodaoeee: 33,900 440 34,340 


*All gaugings before 1890 only approximate. 
+ The feeder had broken its banks; this is approximate. 


Inasmuch as the highest velocities above shown exceed those usually 
given as sufficient to cause gradual destruction of a river-bed of strati- 
fied rock, we wish to call attention to one assumption in making up 
this table which may not be accurate. This is, that the height of the 
riyer- bed has remained unchanged since 1831. There is a fair prob- 
ability that it has been lowered somewhat, and if so, the effect would 
be to make the discharge above given for 1831 somewhat greater than 
it should be. It must not, therefore, be too confidently assumed that 
the flow in 1881 was less than that in 1831, but even if such should 
be the case, it would be accounted for fully by the fact that the 
drought of 1831, as shown by the rainfall records of Philadelphia, 
in Table No. 11, was by no means so severe as that of 1881, con- 
sequently we have no warrant for the assumption that the minimum 
flow of the river is decreasing. 
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Still worse is it to draw inferences from the height of the river 
alone, because it neglects the fact that in 1831 no water was being 
diverted from the river into the canals, as was the case in 1879 and 
1881. The canal flow given in the table includes that of the Dela- 
ware and Raritan canal feeder on the New Jersey bank, and that of 
the Delaware division of the Pennsylvania canal opposite. 

The flood-flows in the table include two of the great floods of 
Prof. Merriman’s list previously quoted, consequently we have the 
means of judging of the approximate discharges of the other floods 
in the list. That of 1786 may be estimated at 175,000 cubic feet 
per second. Those of 1801, 1814, 1836, 1839 and 1843 from 
140,000 to 150,000 cubic feet per second, and that of 1832 at 
115,000 cubic feet per second. It should be noted that in dealing 
with the floods on the Passaic and Raritan we consider nothing less 
than 8,000 cubic feet per second, or about 9 cubic feet per second per 
square mile. The equivalent for the Delaware at Centre Bridge 
would be 55,000 cubic feet per second. Our table above gives every 
rise from August 24th, 1891, to December 30th, 1892, including 
those as low as 34,000 cubic feet per second. The accompanying 
diagram of flow for this period gives a better idea of the fluctuations 
of the stream, especially if we compare it with the Passaic diagram 
for the same time. The fluctuations are quite sharp and frequent. 
It is to be noted that Mr. Welch remarks that there have been two 
floods since 1841 nearly as high. This probably refers to the floods 
of 1862 and 1869. Our table shows that of 1862 to have been two 
feet lower at Centre Bridge. It may be inferred, therefore, that the 
flood of 1869 is the one to which Mr. Welch referred as having been 
nearly or quite as high as that of 1841. Mr. Welch has remarked 
that the flood of 1841 must have discharged 50 per cent. more than 
the flood of 1787, by which we assume that he meant the flood of 
1786, recorded by Prof. Merriman, and is seen to be in accordance 
with our figures, as we estimate 175,000 cubic feet for the former 
and about 255,000 cubic feet for the latter flood. He also says that 
the flood of 1841 probably discharged nearly twice as much water as 
any previous floods since 1787, and as we find nothing recorded in 
this interval exceeding 150,000 cubic feet per second, it will be noted 
that our figures for 1841 are really about 67 per cent. in excess of 
those reported in the interval. Our rainfall curves in Plate I. seem to 
suggest an explanation of this fact, as the Philadelphia record indi- 
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cates that prior to 1841 there had been quite a long period of low 
rainfal], but in that year a maximum was reached. We also find 
_that the next maximum, slightly greater than that of 1841, occurred 
about 1868 or 1869. Consequently we find nothing in the history of 
the great floods of the Delaware indicating that there has been any 
increase that is not explained by heavier rainfall. 
The conditions which bring about extreme floods are usually either 
a heavy fall of warm rain upon the water-shed when it has already a 
heavy covering of snow, or else when the ground is so frozen that it 
cannot absorb any water ; or, secondly, in summer the fall of rain to 
the extent of six or seven inches in excess of what the ground has the 
capacity to absorb. When such conditions occur a heavy flood must 
result, and it cannot be prevented by the presence of forests or the 
uncultivated condition of the water-shed. So with the extreme dry- 
season flow of astream. It is determined by the rate at which the 
earth will deliver up its water at a time when this water is drawn far 
below the level at which it can be influenced by forests or crops. 
These figures for the Delaware seem to indicate, therefore, that we are 
not to look to any change in the extreme high floods or in the ex- 
treme low-season discharge, but the testimony given by Mr. Welch, 
and much similar testimony, nevertheless undoubtedly has a founda- 
tion, and these we believe to rest in a change, not in the extreme, but 
in the intermediate stages, as we shall explain more fully later. We 
may note, in this conneetion, that the earliest flood upon the Delaware 
of which we have record occurred in 1692. The language in which 
it is recorded, in Smith’s History of New Jersey, Chapter XIL, is 
suggestive, and may be profitably quoted. The “ falls of Delaware” 
are at Trenton : 


“The first settlers of the Yorkshire tenth in West Jersey had 
several of them built upon the lowlands, nigh the falls of Delaware, 
where they had now lived, and been improving near sixteen years ; 
they had been told by the Indians their buildings were liable to be 
damaged by freshets, and the situation of the place must have made 
it probable. They had, however, got up several wooden tenements 
and outhouses which, in the spring, were accordingly generally demol- 
ished. The snows suddenly melting above caused an uncommon 
overflow of the river; there have been many great floods since, but 
none quite so high ;* it came upon them so unexpectedly that many 
were in their houses surrounded with water, and conveyed to the 
opposite shore by neighbors from thence in canoes. The water con- 


* This was written in 1765. 
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tinued rising till it reached the upper stories of some of the houses, 
then most or all of them gave way and were dashed to pieces; many 
cattle were drowned ; beds, kettles and other furniture were picked 
up on the shores below ; the frights and damages were considerable ; 
two persons, in a house carried away by the sweeping torrent, lost 
their lives before they could be got out. This accident taught the 
owners here to fix their habitations on higher ground, and was what 
is commonly called the great flood at Delaware falls.” 


We have adopted the maximum and minimum flows shown in our 
table above for the Delaware. The former is at the rate of 37.5 
cubic feet per second per square mile and the latter 0.19 cubic feet 
per second per square mile. The flood-flow from a large water-shed 
like that of the Delaware, having its branches distributed at intervals 
along the main stream, is invariably at a lower rate per square mile 
than for smaller water-sheds. We may illustrate the reason for this 
by a single example. The drainage areas of the Delaware above 
Callicoon and of the Lehigh river at Easton are about equal, and it 
appears that floods reach their maximum at these two places in about 
the same time from the beginning of the rise. The distance from 
Callicoon to Easton, however, is 100 miles, and we have seen that it 
takes a raft, during a rise of from 5 to 10 feet, from 24 to 30 hours 
to traverse this distance, floating with the current. It will be seen 
that this gives sufficient time for the Lehigh flood to be entirely dis- 
charged before that from Callicoon reaches Easton, consequently the 
two floods pass down the lower river in succession, and the duration 
of a flood on that part of the stream is longer but the rate of dis- 
charge is less. 

The accompanying table of gaugings at Stockton, or Centre Bridge, 
covering over 16 months, indicates that the evaporation from the 
Delaware water-shed is about 17.7 per cent. less than what we have 
observed for the Passaic, Croton and Sudbury, whereas the difference 
in mean temperature would account for a difference of 11.5 per cent. 
only. In the absence of a longer period of gaugings, we prefer to 
adopt the evaporation deduced from temperature, as this will give a 
flow which will be on the safe side. We have used the above gaug- 
ings in connection with the series previously given for the Connecti- 
cut river to determine the ground-flow curve for the Delaware, shown 
in Plate VI. 


We have estimated the flow of the Delaware to be as shown in 
Table No. 57. 
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FLOW OF DELAWARE RIVER AT STOCKTON, N. J. 


Drainage area, 6,790 square miles. 


FLOW IN CUBIC FEET PER 
SECOND. 
g 8 
is} s 
MONTH. 5 & i = 
| | ponies ieee 
a & S 3 2 
ae ea ) 4 < 
1891. 
August 24th to 3lst...........s..006 50000 Soqcoabadona|: SaLocostida Ab Ol Sa a L2AZ90NS. oneese eee 
SS CPLEUMIOLacareoee eoesececvereetuusessoenes 1.98 Vale 13,075 3,395 6,776 
OCLOD eI meee sesacsesescescesessocs oswestenees 3.12 72 8,075 3,045 4,236 
INO VCIIDCL Sec ,p res deowse scceceseuasconesess 2.67 92 23,575 3,045 5,069 
WDECOMDEK rassecscsavesesssssoesessedeccene- 4.59 2.64 24,600 8,700 | 14,800 
1892. 
AUD: stertoe ccs scescccrucncooteresssatls ve 5.31 4.78 48,700 | 12,900 | 28,120 
IC DLUALY cccewo cso scesessaccsvescsssies sconce 1.08 1.56 17,300 5,750 9,760 
Marchi cicmncevesscrssesssedeacosatsaeavsoss 3.64 2.35 27,500 8,800 | 13,773 
IN DEL isk saceece tess cosceseassascacssceseesoss 1.55 3.02 36,240 9,640 | 18,421 
WMiaivisestacissnorte tee sotccesaiacs sssceercesee 5.81 2.65 34,340 7,990 | 15,573 
ARUN esconpadadactnonooadosadaqsodacoBodadce 5.92 2.63 28,640 7,990 | 16,040 
ALI NW Acaecechqunckobncbnocodsaeoocaecondacse608 3.55 1.36 15,640 4,740 8,027 
PMUOUSL eet seaseecensconeeasseoeeslews soc sees 4.52 2.21 28,640 5,040 | 12,971 
I OPLSMAD OD encores se tescreaesadanseesscccne ses 2.71 97 9,640 3,940 5,880 
SOCTO DOE ersec cr etvachaschencdeseessecessesses 61 53 3,600 2,490 3,104 
INOV.CMUDE recs sesecccocesceccseesaescerser 5.65 1.67 23,940 2,790 | 10,928 
MCCOMPEL es serecssasdescssoscestaceeswases 1.60 2.14 19,990 6,640 | 12,591 
Rain—Inches. Flow—Inches, 
December to May, 1891............:seseeeseeeee 21.98 16.90 
Junesto November, 1891 ..c..sssccocersssse: 22.96 9.37 
44.94 26.27 
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Water-supply.—The Delaware has great prospective value as a 
source of water-supply for the cities of our own and adjacent States. 
While below Easton and the confluence of the Lehigh there is grow- 
ing contamination, it will be seen by the results of chemical analyses, 
which we furnish later, that there are at present no evidences of 
serious pollution above the city of Trenton. We have previously 
shown the proportion of forest and the population per square mile, 
both of which are good indications of its fitness as a source of supply, 
especially above Easton. The portion above the Water Gap is not 
likely to become more populous for a long period of years, and 
furnishes, in all respects, a most desirable gathering-ground for public 
water-supply. Although it may be in the far future, we believe that 
this is destined to become the ultimate recourse of our large metro- 
politan district. The Delaware already supplies 142,636 inhabitants 
of New Jersey with water, the total consumption being 17,010,464 
gallons daily. At Trenton, the maximum flow we estimate at 1,314 
cubic feet per second under natural conditions, but 383 cubic feet per 
second is diverted for canal purposes, leaving 931 cubic feet per second 
minimum flow. Probably the river does not fall as low as this 
oftener than once in a generation. This gives 601,600,000 gallons 
daily as the supply without storage. Water is pumped from the 
river here for the supply of the city of Trenton. At the least 
monthly flow shown by the table, the natural flow of the river at 
Trenton amounts to 880,000,000 gallons daily. At Point Pleasant, 
it has already been proposed to pump water from the river for the 
supply of the city of Philadelphia, the pumping to be done by water- 
power. The elevation of the river here is 69 teet, and the drainage 
6,620 square miles. We estimate the minimum flow to be 1,258 
cubic feet per second, or 810,000,000 gallons daily, and the least 
monthly flow, as per the table, 840,000,000 gallons daily. At Phil- 
lipsburg and Easton, above the mouth of the Lehigh, the water-shed 
is 4,880 square miles and the minimum flow 930 cubic feet per second, 
or 600,000,000 gallons daily. With storage amounting to 5.07 
inches on the water-shed, the total supply would be 3,250,000,000 
gallons daily. 

At the Water Gap, at an elevation of 296 feet, we have 4,020 
square miles drainage and a minimum flow of 764 cubic feet per 
second, or 494,000,000 gallons daily. With storage amounting to 
5.07 inches on this water-shed, the total supply in the driest period 
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will amount to 2,680,000,000 gallons daily. While we have no com- 
plete surveys of this area, from what we know of it, it is believed 
that this storage could be readily obtained. At the State line, the 
water-shed, including Neversink river, is 3,600 square miles, and we 
estimate a minimum flow of 673 cubic feet per second, or 435,000,000 
gallons daily. At the least monthly flow shown in the table, 457,- 
000,000 gallons daily is available, and with storage amounting to 
5.07 inches, 2,400,000,000 gallons daily may be obtained. 

Water-power.—In ihe past, the rafting, and earlier, the flat-boat 
navigation of the Delaware, and also the fishing interests, have had 
an importance considerably greater than the water-power, and, in 
consequence, legislation has favored the former at the expense of the 
latter. Under the changed conditions which now exist, it is probable 
that it would not be difficult to obtain a modification of the laws 
more in conformity with the present relative importance of these 
various interests, and more favorable to the development of water- 
power. Under the present conditions, it is difficult to build proper 
dams. While it may be possible to dispense with high dams, it is 
very necessary that they should be reasonably tight, so that the whole 
of the minimum flow may be made available. For the most part, 
conditions are favorable to development by means of low dams and 
long raceways, although cases exist where high dams would be prefer- 
able. There seems little doubt that a large amount of water-power 
on the Delaware could be profitably utilized. A great deal is being 
done in the West, where the natural difficulties are greater than upon 
this stream, and if it had not been that fuel was much cheaper 
here, there can be little doubt that the Delaware would have been 
much more fully utilized. Much of this power is favorably situated 
for electric transmission to Trenton and other manufacturing points, 
or for use as a motive power for electric railways. 

The first developed water-power of any importance upon the river 
is that of the Trenton Water-Power Company, consisting of a low 
and leaky dam of stone and timber, containing a chute for the pas- 
sage of rafts, and a raceway six and three-quarter miles in length. 
The dam is at Scudder’s falls, at an elevation of 21 feet, and a list of 
the water-power is given in Appendix I. It is used on heights vary- 
ing from 9 to 14 feet, and a total of 796 gross horse-power is rented. 
The rental is said to be approximately equivalent to $50 per gross 
horse-power per annum, but varies somewhat, the preference being 
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given to some of the original lessees. This water-power company 
was originally incorporated as the Trenton Delaware Falls Com- 
pany in 1831, and the works were considerably improved in 1866. 
We estimate that the power actually used is equal to 55 horse-power 
on 1 foot fall, or about 484 cubic feet per second. We estimate the 
Jeast natural flow of the river to be 1,314 cubic feet per second, and 
‘deducting the above amount and 383 cubic feet per second diverted 
for the use of the canal, we still have 447 cubic feet per second 
unused at Trenton at the time of minimum flow, or 50.7 horse- power 
per foot fall, and the amount becomes as little as this probably not 
-oftener than once in a generation. We estimate the total available 
power during 9 months of the year, exclusive of the amount 
used by the Trenton Water-Power Company and the canals, to be 
447 horse-power per foot fall. Eight feet fall may be readily 
obtained by a low dam and short raceway, so that we have at the 
minimum 406 horse-power, and for 9 months of the year, 3,576 
horse-power. The lowest flow in an ordinary dry year would give 
256 horse-power per foot fall, or 2,048 horse-power on 8 feet fall day 
and night. The same amount of power per foot fall is available at 
any point from Trenton to below the dam at Scudder’s falls, the total 
fall of the river in this distance being 21 feet. Five feet of this fall 
could be readily developed at Gould’s rift, just below the Reading 
railroad bridge, giving 250 horse-power at the lowest stage of the 
river, 1,280 horse-power at the lowest for ordinary dry years and 
2,200 horse-power for 9 months of the year, exclusive of the amounts 
used by the Trenton Water-Power Company and the canals. Just 
above Scudder’s falls, it would be practicable to build a dam 15 feet 
in height and still to leave room for the passage of floods without 
interfering with the canal and railroad. Such a dam would back 
water to the foot of Welles falls, and would develop 1,575 horse- 
power at the minimum flow of the river, as we have here to allow 
only for the water diverted through the canals. Seven thousand 
five hundred horse-power would be available on this fall during 9 
months of the year. At the head of Welles falls, at Lambertville, we 
estimate, after allowing for canal diversion, a minimum of 103 horse- 
power per foot fall, and for 9 months of the year, 494 horse-power. 
There is a fall of 14 feet here in a distance of 1,500 feet, which would 
give a minimum of 1,442 horse-power, and for 9 months of the year, 
8,900 horse-power day and night. 
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Appendix I. shows the water-power in use along the feeder of the 
Delaware and Raritan canal. Above Lambertville 107 gross horse- 
power is used; at Lambertville 452 horse-power, and below 185 
horse-power, all of which water is drawn from the feeder and flows 
into the river, while the water passing from the upper to the lower 
level of the feeder at Lambertville affords 636 horse-power, giving a 
total of 1,378 gross horse-power furnished by the feeder. We estimate 
the total minimum flow of the river at Bull’s island, at the head of the 
feeder, to be 1,285 cubic feet per second, and allowing for 324 cubic 
feet needed to supply the canal below, 961 cubic feet per second, or 
109 horse-power per foot fall, could be obtained at Lambertville if all 
of the water of the river should be diverted into the feeder. As 18 
feet fall is obtainable there, 1,962 horse-power would be furnished. 
This power could be had by simply tightening the dam at Bull’s 
island, and perhaps slightly raising the banks of the feeder, as this 
upper part of the feeder has practically no use for purposes of navi- 
gation. At Point Pleasant, just above Bull’s island, Mr. Rudolph 
Hering, C.E., in his Report upon Surveys for Future Water-Sapply 
for the City of Philadelphia, in 1885, estimated that at a cost of 
$684,669 a plant could be installed at Point Pleasant, with 15 feet 
fall, including a masonry dam, forebay, turbines, &c., complete. We 
estimate here for the minimum flow 146 horse-power per foot fall, 
which would give, on 15 feet fall, 2,190 horse-power. The least flow 
for ordinary dry years would give 7,095 horse-power, and the power 
available for nine months of the year would be 8,025 horse-power. 
This is evidently a fine opportunity to develop a large amount of 
power. Six per cent. on the above cost would make the cost of the 
minimum power only $19 per annum per gross horse-power for 24 
hours daily, which is a low rate. Weare now above the point where 
the river flow is affected by the draught of the Delaware and Raritan 
canal. 

The above dam would back water to the rapids known as the 
Tumble, one and one-half miles above. Just above, near Tumble sta- 
tion, another 15-foot fall could be developed with the same power as 
that at Point Pleasant. It will be seen that we have, on a distance 
of two and one-half miles along the river, and at a point 25 miles 
from the city of Trenton, an aggregate minimum power of 4,380 
horse-power day and night, and almost always a large amount of 
surplus power. 
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Below the mouth of the Lehigh, at Easton, we estimate a mini- 
mum of 134 horse-power per foot fall, and for 9 months of the year 
490 horse-power per foot fall. The total fall of the river from this 
point to the head of the power above mentioned at Tumble is 56 feet. 
At several intermediate points, by a similar development, powers as 
good as this mentioned at Point Pleasant could be developed, or for 
less expensive development by low dams and raceways we have the 
following: Ferman’s falls, below Milford, 6 feet fall by a low dam 
and raceway, 1,000 feet long ; Nockamixon falls, at Holland station, 
5 feet fall by a low dam and 1,300 feet of raceway ; Lynn’s falls, at 
Holland station, 9 or 10 feet fall with 2,000 feet raceway ; at Durham 
falls, 4 feet; Rocky falls and Groundhog falls together, 6 feet; Old 
Sow and Clifford, 10 feet fall by a low dam and one and one-half 
miles raceway, and at Phillipsburg rift, 6 feet fall. 

Above the mouth of the Lehigh, at Phillipsburg, we estimate the 
minimum power at 106 horse-power per foot fall, and for 9 months 
of the year 386 horse-power. Below the mouth of the Pequest, at 
Belvidere, we have a minimum of 102 horse-power, and for 9 months 
370 horse-power per foot fall. Between this and Easton the total 
fall is 73 feet, and at several points from 10 to 15 feet fall could be 
readily developed. At Foul rift, just below Belvidere, a total fall of 
16 feet could be obtained, either by a dam at the head of the rift and 
a raceway, or a higher dam near the foot of the rift. The bed of the 
river here is solid ledge. This would give a total of 1,632 horse- 
power minimum and 5,920 horse-power for 9 months of the year. 

At the Water Gap we estimate the minimum at 87 horse-power, 
and for 9 months 317 horse-power per foot fall. The total fall to 
Belvidere is 60 feet, and two sites of 10 feet each could be obtained 
between Belvidere and Manunka Chunk. There are several oppor- 
tunities to develop from 5 to 10 feet. Near Port Jervis, at the State 
line, we estimate a minimum of 78 horse-power, and for 9 months 
284 horse-power per foot fall. The total fall from here to the Water 
Gap is 111 feet, with several opportunities to develop from 10 to 20 
feet fall if desired, and there are no improvements to be interfered 
with. 


RED SANDSTONE BRANCHES OF THE DELAWARE. 
These streams belong to the flashy class, of which the flow is given 


in Table No. 56. This table is based on the flow of the Tohickon 
and Neshaminy, on the Pennsylvania side of the river, and very 
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similar to these New Jersey branches. They have only a local im- 
portance, and are none of them of large size, their chief distinction 
being their unusually long Indian names. 

Hakihokake creek enters the Delaware at Milford, and drains 17.4 
square miles. Jts water-shed lies partly upon Musconetcong moun- 
tain, one of the Highland ridges, consequently its flow is probably 
somewhere between that shown by Table 51 and Table 56. There is. 
some power developed at Milford, and we estimate about 0 9 horse- 
power per foot fall at that point. 

Harihokake creek drains 10.1 square miles, giving about 0.4 horse- 
power per foot fall at its mouth. Nichisakawick creek drains 10.5: 
square miles, and Lockatong creek is somewhat larger, draining 23.8 
square miles. Its headwaters are on a high and level red sandstone 
plateau, and in the short distance between Milltown and the Delaware 
its total fall is 340 feet, so that even with its rather small flow in dry 
seasons a considerable amount of power could be developed. We 
estimate 0.66 horse-power per foot fall at the mouth, and 60 feet fall 
could be quite readily improved, giving 40 horse-power continuous 
for 9 months. Wickecheoke creek drains 26.9 square miles, with an 
available power of 0.75 horse-power per foot fall at the mouth. 
Alexsocken creek enters the Delaware just above Lambertville, but 
offers no very good opportunities for development. Swan’s creek, at 
Lambertville, lies mostly upon the trap ridge east of this place, and 
supplies the city with water by gravity. Above the reservoirs the 
drainage area is about 1.5 square miles, and the present consumption 
of water is 200,000 gallons daily, there being 22,000,000 gallons 
storage. 

Those who are familiar with these streams will not fail to appre- 
ciate the low summer flow which is ascribed to them by Table No. 56. 
They are very often dry during the autumn months, but, as shown 
by the table referred to, owing to the fact that there is much less 
storage to be depleted, and consequently, less to be made good in a 
time of replenishment, they feel the effects of heavy rains much more 
quickly than streams with larger storage. It is also true that the 
rate at which rain can be absorbed by these water-sheds, even when 
the storage is depleted, is limited, consequently, if rain falls heavily 
in a very short time, it sometimes runs off in floods without entirely 
replenishing the depleted storage. 
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SOUTHERN NEW JERSEY STREAMS. 


The remaining streams of the State all have a strong family likeness, 
owing to a marked similarity in the topography and geology of their 
water-sheds. Practically all of these are below 200 feet elevation. 
They are flat and consist mainly of sand and gravel, consequently we 
- need but two curves of ground-storage for the whole district. These 
are shown in Plate VI. The one for streams of low relief and 
smaller ground-storage is based partly upon the flow of the Rancocas, 
as shown in the tables of gaugings which we give later, and partly 
upon other data. The second type, based on the gaugings of Great 
Egg Harbor river, is suited to the larger streams, having a consider- 
able amount of swampy area upon their water-sheds or a higher and 
bolder relief. It will be seen that the flow of these streams for a 
given depletion of ground-water is much larger than that of northern 
New Jersey streams. <A part of the heavy run of the streams during 
the earlier months is undoubtedly from swamp-storage. The wooded 
swamps of southern New Jersey are full of fallen logs, peaty matter 
and absorbent mosses, which retain the water almost like a large lake. 
This water finds its way gradually out to the stream, and finally, in 
very dry times, the swamp becomes drained to a great depth, as evi- 
denced by the depth to which fire penetrates when they become 
ignited at such seasons. At the beginning of the dry season this 
swamp-water is constantly replenished by the ground-water coming 
in from the higher areas of sand and gravel. It is no doubt the final 
depletion of this swamp-storage which is marked by the rapid fall of 
the flow curve when storage depletion has reached four or five inches, 
but the lowest flow which we have any record of for these streams 
does not fall below 0.3 inch per month. For all of this part of the 
State the temperature is about the same, so that evaporation is every- 
where 14 per cent. in excess of that given by the Passaic formule. 
In our analysis of rainfall we have seen that the average varies suffi- 
ciently to divide the district into three subdivisions. These are 
designated as Branches of Delaware below Camden, Branches of 
Delaware, Camden to Trenton, and Coast streams. Maurice river has 
been included in the latter class, as, although it is in the basin of the 
Delaware, it partakes of all the climatic and topographic features of 
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Great Egg Harbor, Mullica and other coast streams. This last large 
subdivision is divided into two types of stream, one for each of the 
classes represented by the two storage curves which we have noted. 
The two subdivisions on the Delaware slope are both represented by 
the curve of smaller storage-flow, consequently each of these is repre- 
sented by one flow table only. Tables Nos. 58, 59, 60 and 61, there- 
fore, show the several types of flow of southern New Jersey streams. 
It is instructive to compare the above tables with those for northern 
New Jersey streams. The better-sustained dry-season flow is very 
apparent, but nevertheless the total run-off from these streams is seen 
to be less than for those of the north. The heavy draughts upon 
ground-storage, of course, have to be made good at the end of a dry 
period, and the result is shown in the relatively lighter run-off of the 
second year of our driest period, although the first year shows a 
larger total flow in the face of the much larger evaporation, as will 
be seen by comparing with Table No. 51 or 52. Another effect of 
this large yield of water from storage is the greater capacity for 
absorbing heavy rains, such as that of the second September of our 
driest period. It is noticeable that in southern New Jersey, during 
that September, our tables show a stream yield of 2.32 to 1.78 inches 
against from /.27 to 6.90 inches for Kittatinny valley and Highland 
streams, or the Delaware. Of course the great evaporation has its 
effect here also, but the difference is mainly due to the large depletion 
of ground and swamp-storage. There is no lack of evidence of this 
much lighter flood-flow. We find it everywhere in the small 
preparations made for the overflow of dams, dependence often being 
had almost entirely upon flood-gates to carry away the surplus water, 
and the limited bridge opening, the long embankments of sand and 
gravel thrown boldly across the valleys in a manner that would mean 
disaster ina few months if attempted on our northern streams, and 
in many similar constructions which stand intact here for centuries. 
Such evidence is conclusive as to the small flood-flow. 

The maximum discharge of these streams appears to rarely exceed 
25 cubic feet per second per square mile. We have remarked that 
the total run-off of these streams is less than that of northern New 
Jersey, but this is made up in a measure by the fact that their more 
equable flow enables us to utilize a given amount with less storage. 
The streams which we have gauged are excellent types of all, and we 
have procured some data for other streams sufficient to prove that 
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these gaugings fairly represent their flow. As we have remarked, 


these gaugings we have made the base of the storage curves in 
Plate VI. 


TRIBUTARIES OF DELAWARE—TRENTON TO 
CAMDEN. 


The flow of this group of streams is shown in Table No. 58, based 
upon gaugings of the Batsto and Rancocas. They lack the great 
swamp-storage peculiar to some of the coast streams, but neverthe- 
Jess have a large yield from ground-storage. 


ASSANPINK CREEK. 


This stream rises near Clarksburg, Monmouth county, and flows 
almost due west 17 miles, joining the Delaware at Trenton. It 
drains 89.6 square miles, 27 of which is on the red sandstone, and 
the balance upon the clay and marl region, including a very level 
area in all respects similar to that drained by the upper Millstone. 

The stream is not a desirable one for water-supply, owing to the 
agricultural character of its water-shed and its flatness. It is also 
rather muddy. We estimate the power at Whitehead’s rubber-mill 
at 4.9 horse-power per foot fall for 9 months of the year. From here 
to the Delaware the total fall is 40 feet, most of which is utilized. 
At the mouth we estimate the available power at 6.75 horse-power 
per foot fall. 


CROSSWICKS CREEK. 


The headwaters of this stream are near Wrightstown, 10 miles 
southeast of where it empties into the Delaware, near Bordentown. 
It drains 139.2 square miles, almost entirely included in the marl 
region of the State. Its headwaters are on a very level plain, while 
the lower portion traverses a small valley 50 or 60 feet deep, and 
usually less than half a mile wide. The principal tributary is 
Doctor’s creek, rising near the headwaters of the Assanpink, at 
Clarksburg, and flowing west 13 miles to its junction with the Cross- 
wicks at Yardville. 
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Water-supply.—The highly-agricultural character of this water- 
shed is not favorable to its purity for water-supply purposes, never- 
theless the chemical analyses which we give in a later chapter do not 
indicate any serious natural impurities. The water is used for the 
supply of Bordentown and has not given entire satisfaction, but this 
is believed to be due to unwholesome marshes on the lower portion of 
the stream and to local sewage contamination. We estimate the total 
supplying capacity of the stream, without storage, at 23,600,000 gal- 
lons daily at its mouth. At Groveville, above the junction of 
Doctor’s creek, we estimate the total flow, without storage, at 18,400,- 
000 gallons daily, or with storage to the amount of 57,000,000 
gallons per square mile, 51,500,000 gallons daily. A considerable 
amount of storage could be procured along the main stream. 

Doctor’s creek will supply, without storage, 4,500,000 gallons daily 
at its mouth and 2,900,000,000 gallons daily at Allentown. It is 
probably, on the whole, less desirable than Crosswicks creek. 

Back creek is a small tributary of the Crosswicks, near its mouth. 
It will supply at Lowry’s mill-pond 1,340,000 gallons daily without 
storage. The result of a chemical analysis of this stream is also 
given in a later chapter. 

Water-power.—Below the forks of Doctor’s creek, we estimate the 
available power of Crosswicks creek at 9.3 horse-power per foot fall. 
The stream is navigable, however, up to Groveville for canal boats, 
and power cannot well be developed below this point. At Grove- 
ville, we estimate 8.1 horse-power per foot fall, which is just the 
amount utilized. At Crosswicks, we estimate the available power for 
9 months of the year at 8 horse-power per foot fall. This is the 
amount practically in use here also. Just above this place, 20 feet: 
fall could be improved without interfering with any improvements 
upon the stream. This would give 160 horse-power day and night 
for 9 months of the year, and in the driest month, 65 horse-power 
day and night. At Walnford, we estimate 6 horse-power per foot 
fall, Twenty feet fall could be had here also, giving 120 horse- 
power for 9 months of the year. The amount of power which has 
been developed on this stream ranges very close to our estimates of 
available power for 9 months, and indicates that the judgment of 
good millwrights has not been at fault. 

On Doctor’s creek, at Yardville, we estimate 2 horse-power per foot 
fall, The pondage is good, and at least twice this amount is no doubt 
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available for working hours. At Allentown, we estimate 1.3 horse- 
power per foot fall, which is also probably double for working hours. 

Black’s creek.—This is a small stream, draining 22 square miles, 
and its water-shed contains a good deal of marl. The water has a 
green color and is not of use for water-supply. At the lowest mill 
site, we estimate 1.6 horse-power per foot fall, there being sufficient 
pondage to double this for working hours. 

Assiscunk creek.—This stream is generally similar to Black’s creek. 
Its Indian name signifies muddy or dirty creek, and it is not worthy 
to be considered as a source of water-supply. There is at present no 
power developed upon this stream, which is somewhat remarkable. 
At the first bridge above Burlington, the drainage being about 40 
square miles, we estimate 3 horse-power per foot fall available for 9 
months, and as much as 20 feet fall could be improved, giving 60 
horse-power day and night. 


RANCOCAS CREEK, 


Excepting Maurice river, this is the largest tributary of the Dela- 
ware from the State of New Jersey. Its total drainage area is 3801.4 
square miles. The main creek is tidal on the North Branch to Mount 
Holly, and on the South Branch to Lumberton. It is navigable, 
with 4.5 feet depth at low water, to Centerton. The stream forks 7 
miles from its mouth, and the South Branch, its principal affluent, 
drains 167 square miles. Its headwaters are upon the pine plains of 
the Tertiary formation, and consequently it partakes more of the 
character of the coast streams than the other streams of its class. 

We have a short series of gaugings of the Rancocas at Pemberton. 
While these gaugings would be too short of themselves to afford a 
reliable indication of the flow of the Rancocas, they are long enough 
to show us the similarity of this flow to that of the Batsto, for which 
we have a much longer record. 
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FLOW OF NORTH BRANCH OF RANCOCAS AT PEMBERTON, 1890. 


Drainage area, 111.7 square miles. 


i E FLOW IN CUBIC FEET 
3) & PER SECOND. 
3 | 
MONTH. as 5 a 3 
| | # “s 2 
- E s g s 
(aa ey (©) H 4 
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For this series we are indebted to Mr. Anthony J. Morris, of 
Pemberton. 


COMPARATIVE FLOWS FOR LIKE PERIODS—APRIL TO AUGUST. 


Rain, Flow. Lossof Rain. 
Inches, Inches, Inches, 
EVAN COCASH LOO Ole pacerasstesssssleses nase sess: 19.01 7.92 11.09 
(Coveiys Ie Istendorens, INSU conosco onerodedasoose 19.85 8.38 11.49 


There had been large draught upon ground-water during this 
period, which was not replenished at the end of August. 

By means of these comparative figures we are enabled to establish 
the relation of flow of the Rancocas with that of the Batsto and 
Great Egg Harbor. The Rancocas and Great Egg Harbor, for 1890, 
show very nearly the same flow and evaporation for a given rainfall, 
and the Great Egg Harbor and Batsto show a like resemblance, as 
we shall see later. This is enough to convince us that the evapora- 
tion for the three water-sheds is practically the same. The flow of 
the Rancocas is that shown by Table No, 58. 

Water-supply.—Like the coast streams of southern New Jersey, 
although the upper portion vf the Rancocas is quite free from sedi- 
ment, it has a brownish color, quite pronounced when the water is 
geen en masse, but scarcely apparent in a small vessel. This color is 
usually ascribed to the cedar swamps, and is probably of a peaty 
nature. Cedar swamp water has a slightly aromatic flavor like that 
of cedar wood, and is highly esteemed by many for its medicinal 
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qualities. Indeed, it is this which has given Brown’s Mills, upon the 
north branch of the Rancocas, a reputation as a sanitarium. This 
color is rather prejudicial to the water when used for domestic supply, 
although there is little doubt that it is by no means injurious. The 
waters of the Rancocas are used for the supply of Mount Holly. 

The headwaters above the villages of Pemberton, Vincentown and 
Medford are naturally good, wholesome gathering-grounds for water- 
supply. They are wooded and almost entirely uncultivated, and, 
like other streams of this region, practically no water ever finds its 
way over the surface, but passing through the sand to the streams, is 
thoroughly filtered and purified. We estimate the supplying capacity 
of the North Branch at Mount Holly, without storage, to be 22,900;- 
000 gallons daily. Above Brown’s Mills, the water-shed is 26 square 
miles, and we estimate the dry-season flow of the stream, without 
storage, to be 4,370,000 gallons daily. This is an extremely flat 
water-shed, and opportunities for storage are lacking. Mount Misery 
brook and the North Branch together, at their junction at New Lis- 
bon, drain 106.3 square miles, and will supply, without storage, in 
the driest season, 17,800,000 gallons daily. The South Branch, above 
Vincentown, will supply 9,000,000 gallons daily without storage. 
There are some opportunities for storage upon this water-shed, and 
perhaps enough to utilize 10 inches per annum. The headwaters of 
Haynes’ creek, above Taunton, issue from the gravel hills near 
Berlin, and the water is pure and free from the brown color to which 
we have alluded. Streams of this portion of the State which do not 
flow through cedar swamps are wonderfully clear, and are known as 
white-water streams. These headwaters above Taunton and similar 
streams would afford a water-supply of the best character. 

Water-power.—There are no opportunities for mill sites on the 
tidal portion of the stream. At Mount Holly, we estimate the power 
of the North Branch for 9 months of the year at 10.2 horse-power 
per foot fall, and just below the forks of Mount Misery brook, near 
New Lisbon, it is 7.95 horse-power per foot fall. Between these two 
points, the total fall is 35 feet, all of which has been improved in the 
past, but one mill site at Birmingham, with about 5 feet fall, is not 
at present in use. At Brown’s Mills, there is a large mill-pond, 
which is now used only as a part of the pleasure grounds of that 
well-known resort. We estimate the available power here at 1.95 
horse-power per foot fall. The fall is 9 feet and the pondage sufficient 
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to concentrate the entire flow into working hours, giving double the 
above-estimated power. At Hanover furnace, we estimate 0.75 horse- 
power per foot fall. Here, also, there is, or was until recently, a 
large pond, and the fall is 10 feet. This is the site of an old char- 
coal blast furnace, with grist and saw-mill, and the power is not at 
present in use. 

Mount Misery brook, at New Lisbon, will give for 9 months 5.6 
horse-power per foot fall, and about 9 feet fall could be developed, or 
15 feet by eliminating the power at Lower Mill. At the site of the 
old Mary Ann furnace there is 8 feet fall not at present in use. The 
water-shed is 38 square miles, and the available power 2.85 horse- 
power per foot fall. Just above this, at Mount Misery, a saw-mill 
was erected as early as 1723. Indeed, many of the sites on the 
Rancocas date back to about the beginning of the 18th century, and 
one as early as 1680. An important power was built at Pemberton 
in 1752 to operate a forge, saw and grist-mill. 

The south branch of the Rancocas has an undeveloped fall of about 
6 feet below the mill at Eayrstown. By including the Eayrstown 
mill-site, a total of 14 feet fall could be obtained. We estimate the 
_ available power below the mouth of Haynes’ creek at 10.4 horse- 
power per foot fall, so that at this site 145 horse-power for 9 months 
of the year, or 59 horse-power at all times, could be obtained with 
sufficient pondage to make twice this amount available for 12 hours 
per day. At Eayrstown, the water-shed being 62 square miles, we 
estimate 4.65 horse-power per foot fall for 9 months, and at Vincen- 
town 4 horse-power per foot fall. Just above the present mill-site 
at this place 10 feet fall could be improved. 

Haynes’ creek has below the lowest mill nine or ten feet fall unim- 
proved, and we estimate the available power at 5.77 per foot fall. 
There is no undeveloped fall suitable for any considerable amount of 
power above this point. 


PENSAUKEN CREEK. 


This creek drains 35.4 square miles. The water-shed is populous 
and highly cultivated, and the stream is tidal for about half of its 
length, consequently it has little importance. Moorestown is supplied 
from its headwaters, but the quality of the water is said to be unsatis- 
factory. The average flow at the mouth of the stream is 34,900,000 
gallons daily, and the least monthly flow 5,900,000 gallons daily. 
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COOPER’S OREEK. 


This stream rises in the gravel hills north of Berlin, and flows 
northwest 12 miles to the Delaware at Camden. It is tidal to the 
forks at Haddonfield, and the lower portion of its water-shed is popu- 
lous and highly cultivated. Above Haddonfield both branches are 
more wooded, but there are outcrops of marl upon both. We 
estimate the average flow of the creek at Camden at 40,000,000 
gallons daily, and the flow for the driest month at 6,800,000 gallons 
daily. Above the pond at Haddonfield the flow for the lowest month 
is at the rate of 3,050,000 gallons daily, and with storage amounting 
to 3.28 inches it will furnish 8,600,000 gallons daily. 

The only part of Cooper’s creek which is worthy of serious con- 
sideration as a source of water-supply is North Branch. Its water- 
shed is 11.7 square miles, and the flow for the driest month 1,960,000: 
gallons daily, or with 3.28 inches storage it will yield 5,660,000 
gallons daily. The opportunities for storage are very good, but, like 
all other streams with marl outcrops, it should have careful inspection 
before being adopted as a source of supply. 

The North Branch is almost entirely undeveloped for water-power 
purposes. Near Ellisburg, 20 feet fall could be readily obtained, and 
the available power for 9 months would be 0.87 horse-power per foot 
fall. As good pondage could be obtained, this would give about 35: 
horse-power for 12 hours daily during 9 months of the year. On 
the main creek, at Haddonfield mills, we estimate 1.35 horse-power 
per foot fall day and night for 9 months. A corn-mill was erected 
on this site as early as 1697. 


TRIBUTARIES OF THE DELAWARE—CAMDEN 
TO BRIDGETON. 


This class of streams are distinguished by being tidal for more 
than half their total length, which averages about 15 miles. They 
generally flow through U-shaped ravines, the bottom of which is 
marshy. The lower portion of the water-shed is usually a very low, 
level plain of sandy loam, and the headwaters are in the sands and 
gravels of the Tertiary formation. Owing to the small water-shed 
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above the head of tide, they have but little importance for water- 
power purposes. Another peculiarity of this district is, that it is the 
one showing the least difference between the average rainfall and 
average evaporation, as may be seen by consulting the small table at 
the end of Table No. 46. The average flow-off of these streams is, 
consequently, smaller than that of any other class in the State. For 
the driest period, they show about the same results as other southern 
New Jersey streams. Their rate of flow per square mile of water- 
shed is shown in Tabie No. 59. 


BIG TIMBER CREEK. 


This stream rises near Cross Keys and flows north-northwest to the 
Delaware river, at Gloucester, its total length in a straight line being 
13 miles. It drains 59.3 square miles and is tidal to Good Intent, or 
about half its total length. The North Branch, above Clementon, 
and the main stream, above Grenloch, have sandy or gravelly water- 
sheds, and consequently should afford good local water-supplies. We 
estimate the average flow of the creek at its mouth to be 55,400,000 
gallons daily, and in the driest month, 9,980,000 gallons daily. 

Water-supply.—Above Clementon, the water-shed of the North 
Branch is 5.5 square miles, which will yield, in the driest month, 
925,000 gallons daily without storage. With 3.28 inches storage, 
2,620,000 gallons daily may be obtained. The South Branch, above 
Grenloch, or Spring Mills, drains 15.5 square miles, and will yield, 
in the driest month, 2,610,000 gallons daily, or, with 3.28 inches 
storage, 7,400,000 gallons daily. The portion of the headwaters of 
Timber creek suitable for water-supply embraces in all 23 square 
miles, at an elevation of about 40 feet, with a capacity of 14,700,000 
gallons daily with storage. Such water-sheds might be utilized to 
supply some of the towns near at hand, but they should be controlled 
by purchases of land bordering the streams, as we have indicated in 
the case of some of the branches of the Rahway. These headwaters, 
while they are naturally quite secure from contamination, partake of 
some of the acid character of southern New Jersey streams, although 
generally in a less degree. They are usually free from the brown 
color of cedar swamp streams. 

Water-power.—The power of Big Timber creek is well utilized, 
although the fall is not large At Grenloch, we estimate 1.08 horse- 
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power per foot fall for 9 months. The only undeveloped site of any 
importance seems to be near the upper bridge at Chews Landing, on 
the North Branch, where 30 feet fall and good pondage could be had, 
although this would destroy the power at Laurel mills. We estimate 
for this point 1.35 horse-power per foot fall, which would give, on 
30 feet fall, 40 horse-power day and night, or 80 horse-power for 12 
hours during 9 months of the year, with a minimum of 34 horse- 
power for 12 hours. 


MANTUA CREEK, 


Rising east of Glassboro this stream runs 13 miles northwesterly 
to the Delaware at Paulsboro. It drains 51.2 square miles, and above 
Haurffville it has a gravel water-shed, but below it lies upon the marl 
region, like other streams of this class. Woodbury is supplied from 
its headwaters. The report of the water department of 1893 men- 
‘tions some complaints of bad taste and odor at a time when the 
reservoir was frozen over, but the water was then examined by 
chemists and pronounced free from danger. We also note that the 
boilers at the pumping station were corroded, and had to be renewed 
at that time. The works were built in 1886. We are not advised 
as to whether this corrosion was due to the water. 

Above Hurffville the water-shed is 13 square miles, and we esti- 
mate the flow for the driest month at 2,180,000 gallons daily. With 
3.28 inches storage 6,400,000 gallons daily could be obtained. Above 
the pond near Pitman Grove, Chestnut branch has 4.4 square miles 
of drainage, and we estimate the daily flow for the driest month at 
740,000 gallons, while 2,090,000 gallons daily could be obtained with 
storage. While there may be some other small branches which would 
afford good supplies of a limited amount, the rest of the water-shed 
is open to suspicion, and should not be accepted without careful 
examination. 

The stream does not offer large opportunity for the development of 
water-power, but near Mantua it would seem possible to develop 20 
feet of fall with excellent pondage. We estimate for this point an 
available power of 2.3 horse-power per foot fall day and night. 
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RACCOON CREEK. 


This is the next stream south, of any size or importance. Rising 
3 miles southwest of Glassboro it flows 15 miles northwesterly to the 
Delaware at Bridgeport. It is navigable to Swedesboro, and tidal for 
more than half its length. As its water-shed is almost entirely upon 
the marl region, it is not worthy of serious consideration as a source 
of water-supply, although some smaller branches with sandy or 
gravelly water-sheds and free from marl outcrop might be entirely 
unobjectionable. The water-powers developed are generally small, 
and the only opportunity for further development is at the first bridge 
above Swedesboro, where 20 feet fall could be obtained without inter- 
fering with existing mill-sites. The available power here would be 
1.64 horse-power per foot fall, making 32.8 horse-power continuous, 
or 66 horse-power for 12 hours, with a minimum of 28 horse-power 
for 12 hours. 


OLDMANS CREEK. 


This stream rises close to the source of Raccoon creek, and flows 
16 miles west-northwest to the Delaware river. It is tidal for more 
than half its length. Above the mill-pond at Harrisonville the 
water-shed is sand or gravel and nearly half wooded, so that it would 
afford a good gathering-ground. The area of this portion is 10 
square miles, and the daily flow for the driest month 1,680,000 gal- 
lons, which could be raised to 4,760,000 gallons daily with storage. 
There is still some undeveloped fall for water-power below Harrison- 
ville, but the power of the stream is small. 


SALEM CREEK. 


This stream rises near Pittsgrove and flows west-northwest 14 
miles, aud when within about two miles of the Delaware it turns 
southward and flows, by a meandering course, a distance of 8 miles 
measured in a straight line, nearly south, to the Delaware at Salem. 
At the point where it turns south it is connected with the Delaware 
by a navigable canal built first about 1800. This canal has a length 
of 2.02 miles, is 100 feet wide at the surface of the water, 75 feet 
wide at the bottom, and 5 feet deep. The creek is navigable to 
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Sharptown, within 8 miles of its source, which is also the head of 
tide. 

Water-supply.—Above Woodstown the water-shed is sandy or 
gravelly, the portion below being upon the marl region. Above 
Eastlake the stream drains 14 square miles, with a daily flow of 
2,350,000 gallons during the driest month, which could be increased 
to 6,660,000 gallons daily with storage. There is a good deal of 
forest on this upper portion of the stream. 

Water-power.—At Sharptown, the lowest mill-site on the stream, 
we estimate for 22.6 square miles drainage 1.6 horse-power per foot 
fall for 9 months, and at Eastlake 1 horse-power per foot fall. There 
is about 12 feet fall unimproved between Sharptown and Woodstown, 
and this is practically the only undeveloped site. 

Drainage.—There is a large area of tidal marsh upon the lower 
portion of the creek, much of which has been successfully embanked 
and cultivated. This improvement began as early as 1700. Of 
31,780 acres of tide marsh in Salem county, 15,225 acres have been 
improved in this way, and the most of this is along Salem creek. 
This improvement has been greatly to the advantage of the appear- 
ance of this part of the county. As these meadows are at or slightly 
above the level of high tide, and the rise and fall of the tide is six 
feet, they have only to be embanked to keep out the water at high 
tide, and provided with tide sluices, so that between mean and low 
tide they may discharge the water which falls upon them, and the 
drainage is effected in this way without pumping. After being 
embanked and drained for some years these meadows shrink or settle 
some three or four feet in places, and the banks are then cut and the 
meadows allowed to be flooded for a period of years. The sediment 
collects upon them quite rapidly, and in this way they are restored to 
their original fertility and value. 


ALLOWAYS CREEK. 


This stream rises near Daretown, close to the headwaters of Salem 
reek, and flows west-southwest 16 miles to the Delaware, entering 
opposite Reedy island, which is generally regarded as the head of 
Delaware bay. It is tidal above Quinton, or for about half its 
length, and this lower part traverses, by a sinuous course, a very low, 
level plain. The entire water-shed lies upon the Tertiary sand and 


gravel, 
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Water-supply—Above Alloway pond, the stream drains 21.9 
square miles and has a daily flow of 3,680,000 gallons during the 
driest month, which could be increased to 10,400,000 gallons with 
storage. This portion of the water-shed is well wooded. Deep run 
and some other small branches also afford good gathering-grounds. 

Water-power.—At Alloway, we estimate 1.53 horse-power per foot 
fall, and, as the pondage is large, this is all concentrated in 12 hours. 
daily. There is little opportunity to develop any excepting very 
small powers upon this water-shed. 


STOW CREEK. 


This stream rises in the wooded gravel hills of the eastern part of 
Salem county and flows southwest and south to Delaware bay, the 
source being only 10 miles in a-direct line from the mouth. It is 
tidal for more than half its length and drains a total of 42 square 
miles, all of which is on the Tertiary formation. It has little 
importance, although its headwaters are well adapted for local supply 
if they should ever be needed. 


COHANSEY CREEK. 


Rising near the headwaters of Alloways creek, in Salem county, 
this stream flows for 13 miles nearly due south to Fairton and thence 
west 8 miles to Delaware bay. The city of Bridgeton is at the head 
of tide and navigation, 9 miles in a direct line from the mouth, but 
following the windings of the creek, the distance is 19 miles. The 
stream drains 105.4 square miles, and above the head of tide, at 
Bridgeton, 45.8 square miles. This embraces an agricultural region, 
about 13 per cent. being in forest, but this area is decreasing and the 
cultivated area increasing. Table No. 59 applies to the flow of. the 
Cohansey. 

Water-supply.—The headwaters of the stream above Cedar Grove 
are well wooded, especially near the streams, and would probably be 
fairly well suited to be a source of water-supply. The area drained 
is 19 square miles, and we estimate a daily flow of 3,190,000 gallons 
in the driest month, or 9,000,000 gallons with storage. Bridgeton 
draws its supply partly from wells and partly from a branch at East- 
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lake, draining 6 square miles. We estimate a daily flow of 1,800,- 
000 gallons for the driest month. The lake affords some storage. 
Little creek, above the pond at Fairton, has a sandy and well-wooded 
water-shed of 8 miles, for which we estimate a daily flow during the 
driest month of 1,344,000 gallons, which could be increased to 3,808,- 
000 gallons with storage. Such supplies as these, and that afforded 
by some other branches of the Cohansey, might well be secured and 
controlled in their present desirable condition in view of the gradual 
disappearance of forests and increasing cultivation of this region. 

Water-power.—There is a good water-power improvement at 
Bridgeton, consisting of a dam across the Cohansey, raising the water 
some 19 feet, and a raceway 1 mile in length. One hundred and 
ninety-five gross horse-power is improved here, the fall being from 
14 to 16 feet. We estimate 3.2 horse-power per foot fall continuous, 
or twice this for 12 hours, available for 9 months. At Cedar creek, 
we estimate 1.33 horse-power per foot fall continuous during 9 months. 
There is still 20 feet fall unimproved above the Bridgeton water- 
power, which would give about 100 horse-power for 12 hours daily 
during 9 months of the year. 


COAST STREAMS. 


The Atlantic slope of southern New Jersey has a width of from 
20 to 40 miles, while much of the Delaware slope is not more than 
15 miles wide, consequently the coast streams are, as a rule, much 
larger and more important than the tributaries of the Delaware. 
The tidal portiors of these streams are about the same length as upon 
the Delaware branches, consequently the area of water-sheds above 
the head of tide is much larger and the streams are, consequently, of 
greater economic value. The average rainfall of this coast district is 
also heavier than that of the Delaware slope, while evaporation is at 
the same rate, consequently the average flow per square mile is 
larger. These streams are distinguished further by being everywhere 
bordered by cedar swamps, the growth of which is very dense. The 
bottoms of these swamps consist, for a great depth, of fallen logs, 
between which is an accumulation of deep mould and mosses, the 
whole forming a great absorbent sponge, well calculated to retain 
large quantities of water to be fed out gradually to the streams. The 
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uplands are everywhere sandy, with very small areas of cultivated 
land, the timber being mostly pine, but often with a considerable 
growth of oak brush. This forest is not at all dense, and generally 
the sun has quite free access to the surface of the earth—still more 
so as the area is being constantly burned over by forest fires. 

The consequence of these conditions is, that water flowing over 
the surface of the earth is practically an unknown phenomenon, 
unless when, very rarely, the ground happens to be covered with a 
coating of ice. Asa rule, the whole water, even in quite heavy rain- 
falls, is stored in the sand and swamps and gradually fed out to the 
streams. It follows that the dry-season flow is much better sustained 
than upon any other class of streams with which we have dealt. 
The quite general brown color of this water is probably also due to 
these cedar swamps. This color is quite noticeable in the streams and 
ponds, and it appears to be, to a considerable extent, due to peaty 
matter in fine particles in suspension. We have mentioned, in the 
case of the Rancocas, the entirely wholesome character of this water 
despite this color. A few of the smaller branches of these streams 
which are not bordered by cedar swamps, but flow directly out of the 
sand, are remarkably clear and limpid, and are known as white-water. 
As we shall see when we take up the chemical composition of these 
waters, they are all slightly aeid. 

In Plate VI. will be found two curves of storage-flow for these 
streams. The lower curve is based upon the flow of the Rancocas, and 
is adapted to those streams, having very flat water-sheds or lacking a 
large amount of swamp-storage. The curve showing high flow is 
generally applicable to the larger streams, and we are disposed to 
attribute this higher flow largely to the swamp-storage, and the sud- 
den dropping off of this flow when the depletion has reached about five 
inches is believed to mark the point where the swamps have become 
drained of their water. The great depth to which they are sometimes 
thus drained is evidenced by the burning down of forest fires when a 
swamp takes fire in very dry weather. These fires often burn to a 
depth of several feet, and yet, in a very wet time, the same swamps 
are almost impassable because of water. Table No. 61 is based upon 
the high curve of storage-flow which is derived from the gaugings of 
Great Egg Harbor river, and is adapted to the water-sheds having 
the higher relief or larger areas of swamp, while Table No. 60 is 
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based upon the curve of lighter storage-flow adapted to streams 
without swamp-storage. 

The assumption that the rainfall during the driest period will be 
as low as that shown by the Philadelphia record during 1881 and 
1882, is perhaps too severe to apply to all of the larger water-sheds 
of this coast region. Our conclusion in the chapter on rainfall was, 
that any station would be subject to droughts as severe as that shown 
in the Philadelphia record, yet an examination of the records during 
these dry periods shows that no two stations, taken together, show 
any such severe drought. On the other hand, our Sudbury records 
are proof that an area of 75 square miles was actually subject to as 
severe a drought during 1882 and 1883. The region which we have 
now under consideration, however, is one of large rainfall. A study 
of the records indicates that this large rainfall begins at the inner 
edge of the tide-meadows along the seashore, where the land generally 
rises quite abruptly from 30 to 60 feet, or even higher, this height 
being increased by a pine forest to about 100 feet. At about this 
line, as we have said, there seems to be quite a rapid increase of rain- 
fall as we move westward, and going still further inland, the rainfall 
gradually becomes lighter again. Under the conditions which exist, 
it does not seem probable that any drought so severe as that of the 
Philadelphia record can extend over an area as large as 100 square 
miles. In consequence of these facts, we have taken the average 
rainfall at Vineland and Philadelphia together during the dry years 
of 1881 and 1882, and again during 1885 and 1886, and computed 
the flow on this basis. The results are shown in Table No. 61 A. 
While the total rainfall and total flow-off are much less for the period 
from December, 1884, to November, 1886, than for the previous one, 
we find, nevertheless, that the period in 1881 and 1882 embraced the 
longest series of dry months, and we have adopted this as representa- 
tive of the driest period applicable to water-sheds of over 100 square 
miles in extent, but for small water-sheds Table No. 61 should 
be used. 


MAURICE RIVER. 


Although this stream empties into Delaware bay, it lies upon the 
Atlantic slope, and has the climatic, topographic and geological 
features of the other coast streams, with which it has in consequence 
been grouped. It rises near Glassboro, flowing due south 33 miles 
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to the Delaware bay. It is navigable and tidal to Millville, 24 miles 
from its mouth, following the windings of the river, with a depth of 
about 7 feet at low water. There is a bar across the mouth of the 
river, but inside of this the channel is for much of the way 20 feet deep. 
This river is the rendezvous of a large fleet of oyster schooners which 
work the beds in Maurice cove. The entire area drained is 386.4 
square miles, and above the head of tide, at Millville, 218.4 square 
miles. Sixty-seven per cent. of the area was forested in 1886, but 
this area is gradually decreasing with the clearing up of farms about 
Vineland. Table No. 61 applies to the flow of this stream, although 
for the small branches of less than 10 square miles of drainage area 
we would recommend the use of Table No. 60. 

Water-supply.—The city of Millville is supplied from the large 
pond on the river at that place, and the water is pronounced satis- 
factory. It is used without treatment. We estimate the least 
monthly flow at Millville at 36,700,000 gallons daily, and with 3.11 
inches storage, 125,000,000 gallons daily could be obtained. The 
pond at Millville affords about one inch storage upon the water-shed, 
and if utilized for storage would maintain the flow at 0.45 inch 
monthly in the driest time, furnishing 55,900,000 gallons daily. 
There would be no difficulty in procuring storage to the amount of 
4.68 inches if it should be needed. Many of the branches of the 
stream would afford wholesome supplies, but all the data necessary to: 
determine their supplying capacity will be found in Appendix IL, 
and the tables of flow herewith. 

Water-power.—The plant of the Millville Manufacturing Com- 
pany is one of the finest water-power plants of the State. A pond 
926 acres in extent is formed by a dam of earth about 12 feet wide 
on top and with slopes of about one and one-half to one, with a 
masonry overfall and timber apron. The water is raised by this 
dam 26 feet, and the length of the structure is 2,200 feet. This is 
the largest entirely artificial body of water in the State. A draught 
of 4 feet upon this pond will afford 0.32 inch storage on the 
water-shed, and in consequence the power is an exceptionally good 
and steady one. By Table No. 61, we estimate the power available 
for 9 months to be 21.8 horse-power per foot fall day and night. 
The minimum power would be 6.55 horse-power per foot fall, and 
the entire flow can be concentrated into working hours, or 60 hours. 
per week. With the above pondage, however, the power can be 
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maintained at 13.1 horse-power per foot fall, or 26.2 horse-power for 
12 hours daily for every day of the ordinary dry year. The fall is 
about 22 to 24 feet. In the Census Report of 1880, it was stated 
that 690 gross horse-power was in use and said to be available for 10 
or 11 months of the year. In Appendix I. will be found the amount 
of power at present in use. Supplementary steam-power, amounting 
to about 300 horse-power, is in use in the cotton factory and 
bleachery. There is no doubt that to this water-power is to be 
attributed at least a part of the great prosperity of Millville during 
recent years. 

At the first bridge above Millville, although the site is not so 
advantageous, by a somewhat similar development, 24 feet fall could 
be improved with 194 square miles of water-shed. We estimate 
19.4 horse-power per foot fall available here day and night for 9 
months of the year, and a minimum of 5.8 horse-power per foot fall. 
At Willow Grove, the water-shed is 80 square miles, and the table 
gives 8 horse-power per foot fall for 9 months of the year. Above 
the site previously mentioned, and near the crossing of Landis 
avenue, 17 feet fall could be improved with an available power of 
11.4 horse-power per foot fall. In Appendix I. will be found a list 
of powers above Willow Grove, all of which are good ones, although 
considerably smaller than those we have previously mentioned. 

On the west branch, or Muddy run, the drainage above the pond 
at Rosenhayn is 53 square miles, and the available power 5.3 horse- 
power per foot fall. At Centreton it is about 42 square miles, giving 
4.2 horse- power per foot fall. There are several good small powers 
on this stream. At the site of the old Buckshutem forge, there is 9 
feet fall, with large pondage and about 32 horse-power for 12 hours a 
day during 9 months of the year. This site is not at present in use. 

Manantico creek is tidal up to Clark’s mills. This is an aban- 
doned site with 6 feet fall and 3.9 horse-power per foot fall, with fair 
pondage. This stream rises in, and flows through the wilderness lying 
between Millville and Mays Landing. In the past, there have been 
two or three saw-mill sites above this, but the power is not large. 
Manumuskin creek will furnish at Fries’ mill 3.54 horse-power per 
foot fall. There is good pondage and 8 feet fall, so that probably 56 
horse-power can be had during working hours for 9 months. At the 
old Cumberland furnace site, above, there is a large pond and 9 feet 
fall, giving 3.16 horse-power per foot fall for 9 months of the year. 
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Drainage.—The tidal portion of the river flows through a belt of 
tide marsh about a mile in width, and considerable areas of this have 
been embanked and cultivated. We are informed that this improve- 
ment was very profitable, and that the possession of a proper amount 
of improved meadow would add from 50 to 100 per cent. to the 
value of the neighboring farms, as they afford excellent grazing, 
enabling the farmers to keep cattle, which it is almost impossible to 
do profitably on the uplands. It is said that 55 bushels of wheat 
per acre was raised on some of this improved meadow, and that it is 
adapted to all kinds of grain and hay, and will pay interest on $300 
per acre. It is said to sell at from $100 to $150 per acre when in 
good condition. A considerable part of the banks has recently been 
allowed to fall into bad repair, owing to disagreements among the 
owners. 


STREAMS OF CAPE MAY COUNTY. 


With the exception of Tuckahoe river, which forms its northern 
boundary, this county is destitute of streams of large size, but some 
small ones have been thoroughly utilized. In consequence of a 
scarcity of water-power during the period in the past when steam- 
power was less generally used than at present, the inhabitants had 
recourse to tide-mills and wind-mills to a much greater extent than 
elsewhere in the State. There is a tide-mill still in existence at 
Dennisville and one at Cold Spring, another near Tuckahoe being 
abandoned. The 1850 edition of Gordon’s map shows also one at 
Palermo, near Beesley’s Point. This map shows four wind-mills 
along the seashore road, and two on the bay shore. One of these 
near Seaville was still standing about 1885. Table No. 60 may be 
applied to the flow of all the streams of this county. 


TUCKAHOE RIVER. 


This stream rises in the wilderness, 7 miles west of Mays Landing 
and 16 miles northwest of where it empties into Great Egg Harbor 
bay. It flows south 9 miles, and then eastward 12 miles. It is tidal 
and navigable for small craft to head of river, above Tuckahoe, 
Tuckahoe is 9 miles from the mouth, following the course of the 
river, but about 6 miles ina straight line. This part of the river 
flows through a broad area of tide marsh, with no well-defined 
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water-shed line. Above Tuckahoe the drainage area is 60.2 square 
miles, and above head of river about 30 square miles. By Table 
No. 60 we find 2.83 horse-power per foot fall at this place. There 
is now a mill-site with 5 feet fall here. Just below this, at the site 
of Old A®tna furnace, the water-shed is 37 square miles, and the 
available power for 9 months 2.9 per foot fall. Ten feet fall could 
be improved here with good pondage, giving 57 horse-power for 12 
hours daily. At Hunter’s mili, with about 19 square miles of 
drainage, 1.5 horse-power per foot fall is available for 9 months. 
This is an abandoned mill-site, with a good pond and about 5 feet fall. 


GREAT EGG HARBOR RIVER. 


This stream rises just west of Berlin and flows 38 miles southeast 
by a very direct course to the head of Great Egg Harbor bay, 5 
miles from the seashore. It is navigable and tidal to Mays Landing, 
14 miles from the mouth, following the course of the stream. For 
almost the entire course from the head of tide to the source of the 
river, the slope is very uniform, rising 5 feet per mile. The branches 
all converge slowly toward the main stream, and both are bordered 
everywhere by strips of cedar swamp from one-half to one mile in 
width, with practically no slope toward the stream. The upland is 
generally about 40 feet higher than these swamps, and is made up of 
sand and gravel. About 88 per cent. of the whole water-shed is 
covered with forest, composed of white cedar in the swamps and a 
rather sparse growth of pine on the uplands, with oak underbrush. 
Forest fires through this growth are of frequent occurrence. There 
are no natural lakes, and practically the only ponds of note are Wey- 
mouth mill-pond, having an area of 205 acres and maximum depth 
of 13 feet, and Mays Landing pond, 333 acres in extent, with a 
maximum depth of 13 feet, both of which are on the main stream. 

The maximum flow observed at Mays Landing from high-water 
marks and weir computation, gives a flow of 4,756 cubic feet per 
second, being at the rate of 22 per square mile, and the minimum 
flow at the same place is 59 cubic feet per second, or 0.27 per square 
mile of water-shed. Gaugings have been made at Mays Landing, 
the record having been kept by the courtesy of the Mays Landing 
Water-Power Company, the results of which are given in the follow- 
ing table. It is instructive to compare these gaugings with a shorter 
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FLOW OF GREAT EGG HARBOR RIVER AT MAYS LANDING, 1890-2. 


Drainage area, 215.8 square miles. 
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FLOW IN CUBIC FEET PER 
& b SECOND. 
4 |28 : 
MONTH. is 4 <3 co) 
| | g 2 S) 
aa Fy o 4 <j 
February 16th to 28th........ PEC OCCIELG 2.40 86 463 322 383 
MarChisccsncrecsons seveuceteroensecstesvers 6.06 2.39 723 327 447 
PAWL senweneeecisc eve <tsnaasccscsicassusecness 3.37 2.44 734 268 470 
EN asndoudobadocnntaaur cnsdonde ng0 000 CHODAOOOL 3.71 1.88 491 270 348 
SJRIM Cer eee kiaeas we-tacwierseseneessederess cance 2.33 1.27 352 126 244 
Ure ee, Ue EN ae Fr 5.13 1.33 302 201 249 
PNUSUSUiceree eee scnerster conse tetiawsss css 5.31 1.46 541 97 273 
Septembenencmamsscorscessteetescnsces. 6.06 1.05 366 114 203 
OCLO Derr cer steanon tb eneserecwesewereec es 6.30 1.67 346 270 313 
WNovemlbenm or ecccnvsctscecuseesecscccessses aiid 1,32 325 142 255 
AD ecemberarcrs case secvodstescccsccesenr anes 4,49 1,52 438 180 284 
1891 
AIMUAT atte sacancks noe sett ieeeae vs soon essa 6.10 2.88 867 345 542 
HE DRUAEY levaseeseussscesceacces sesoastee net 6.22 3.42 781 508 705 
IMAYCIU SE Hrccserseccssshrsesecscessrecieca soe 6.43 4.84 1,048 538 932 
PAN Porall Bere cnosautciiececshiledoccssslerceseseres 2.31 2.90 819 324 560 
Mia vircciccte nt dicodiegndier see vesesevseeessunsse 3.03 1.67 357 222 313 
MMC Kea sseescesnssess Be. MeS aie siesh ersslssess 3.33 1.57 343 226 304 
yee neee cee anee tees cousiedss «ates neseecences 7.85 1.60 SMe 154 302 
JRE S tres pececisoo SceenucoS00e0GCO: CIEBOEC 5.74 1.67 420 220 313 
DepbeMlberyemrecessccsssccassesssaceseocess 2.12 1.41 404 127 273 
(OYSi(0) NET sadheccogptecspncednccHacbapanocaation 3.68 1,21 347 126 232 
INOVEIMIDED Ts -cecssaNerelecarnn+-aesesseces 2.25 1,24 322 186 290 
Wecembewnverdcssarseceeaysscocese Apc 4.30 1.74 370 233 825 
1892. 
SIEITWE TE Sagasateuodesooensaquneaososads osbD: 4.98 2.87 628 470 536 
IC DEUM AY esccseatersesossoeconetecsasserases 1.95 1.91 559 311 394 
NMicin Ghivetacccommacen serene rules octseesesssve se 6.10 ond 451 314 395 
PAvouillescesoacesscseatcssssaruecstesetess rene 3.22 1.77 424 204 342 
IN AS uccsosoadascecngnectensounacsenndbcdonsoan 4,86 2.31 494 332 433 
WM Gernot cece scnaciesivedceacceseslonsae 2.27 1.21 252 192 2338 
JIUUNS  secipeenstin <conguo ne SCpeODCCRCOPOOLAOELOTD 6.35 ile 352 76 220 
ANTES Sigsaceecocneqsocbocg aapagbencrboUbenon 4.40 1.46 472 104 273 
Sepuembetmrstencerssasresdacsdsccssessan> 1.40 72 233 48 139 
October aieccistiecseeucncscesaseesss sce 385 37 85 47 69 
INGVeMbericcessaheuscciscassesess-cosecess 7.74 389 56 19 75 
Weeemben neeacccseccssdecwucsessecesen sen 2.14 1.09 302 95 205 
Rain Flow. 
June 1890, to May, 1891........cessesvercescrssessooes . 54.52 25.33 
December, 1890, to November, 1891............se+00+ 53.65 25.93 
December, 1891, to November, 1892...........sese0 47.92 18.03 
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RAINFALL, EVAPORATION, STORAGE DEPLETION, COMPUTED AND OBSERVED FLOW 
IN INCHES ON DRAINAGE AREA. 


Great Egg Harbor River. 


| FLOW OF STREAM. é 
= S 
io cs a 
MONTH. si zs 2 3 aS 
os] Ss ie 
BU ee gee Wee eae 
S a= 7) 
ul 2 oo] Me See 
Mian ch t1'800 srceer snes > svcsbastssescvccce rs 6.06 1.24 4,82 2.39 full. 
VAD Uleasncrsakaeiins esate scones cone <aetets 3.37 1.38 1.99 2.44 full. 
IMcivieecnsrrtcatnecmss caste sarees oss sevsetings Syl 2.97 1,92 1.88 1.18 
AD UUNUC cane cameccceciacaseccetacttereaees Sobees 2.33 3.51 1.38 127 3.74 
SUllyjsckses ses vsacaves denscc.tacetosssececeetse 5.18 5.17 IAP So: 5.00 
7: RETR tesssscoatonbeuongannucce seentooceondcbh 5.31 4.50 95 1.46 3.14 
MepleMilCtreassscscdcerorkescrccsssesseec 6.06 3.24 1,22 1.05 3.64 
(OJeir0| ty) eeasenprcecee Boninaet ccc ee oeeDeraced 6.30 1.87 1.48 1.67 54 
INN GID DOT sy vaesetesainesestwaracssceret tees 71 83 1.58 sy 2.24 
Jitimelto Novemberiicccs<s.o+.sese- 25.84 19.12 7.78 poral Kt ial Ree enya, 
DECOM ELcctectesecacue esesedsvoussesee dete 4.49 99 es 1.52 .05 
ML ATUAT YEO O Mecattseianesse ces ooseetiises ce 6.20 1.02 5.13 2.88 full. 
IHGDRUARYsmcsscdrccctescsecenecneseoecscseas 6.22 1.25 4.97 3.42 full. 
Mar Chit tienatetecsest tron ec scesetee eenetee 6.43 1.28 5.15 4.84 full 
ATUL orcctusseeneeeresseccenercocecre paces 2.31 1.25 2.00 2.90 94 
IM Biya, a eevenatette deve evincasee ree ueeeeee 3.03 2.83 152 1.67 2.26 
December to May.......s.csscceese 28.68 8.62 20.68 NAVAS Wa iB tenci ar cine 
JUNC see scoeuceCrrstasshcoroemecce stare 3.33 3.80 1.338 1.57 4.06 
Dylyesrcecessscteneseessassccesteceneset ets 7.85 6.10 1.30 1.60 3.61 
August 5.74 4.62 1eB3! 1.67 3.80 
eptember tscaclesenteccerescemseanatnes 2.12 2.34 1.18 1.41 5.20 
October eecessscco ae ee 3.68 1.53 1.13 1.21 4.18 
INGYEMIDCI seh. er et re ere 2.25 1.00 1,25 1.24 4.18 
Hun to Novembersein- ies 21-97) \ 199°. 047,500.1. S0n eee 
Dec, 1890, to Nov., 1891 .......+. 63.65 | 28.01 | 27.58 | 25.98 foosssennee. 
Decem bernecaceees sede cctwesticer odetced 4.30 97 1.33 1.74 2.18 
January, 1892........ SERCO DSS Oae eee 4.98 88 1°92 2.87 fall. 
Webnuleinyn coe count. atcac een ecseee ten: 1.95 57 2.08 1.91 -70 
Man Chaecestce tice onire ueccnstoenes 6.10 ee: 4.16 At full. 
OEM , Weer ecvacestiencscakeas ohecostnteaae: 3.22 1.36 2.23 1.77 37 
War seer mney tube eee 4.86 3.24 | 195 | 231 70 
‘Decempberito May crv.s..sdestcscees 25.41 8.26 13.67 OV ase eee 
JUTE A eswcoetee cos caasss once eken veskout PAG | 3.50 1,44 Pail Soll 
Witllyaroahumeneross cunts cshecarden sor tere 6.35 5.58 Hol 1.17 3.91 
AMIBUSL wcecnonsetnsas seca seisoumeenacsererens 4.40 4.24 1.16 1.46 491 
Septembermmeseer.<oadvessse: seo 1.40 2.18 68 72 6.37 
Octobers ce. vere ee ee 35 1.05 37 37 7.44 
Nowe bem, moceeuens. ce ovreeneeees eee 7.74 1.63 1.04 39 2.37 
June to November.....s.sssceceeees 2.51 | 18.18 6.00 5.39: eee 
Dec., 1891, to Nov., 1892 ........ 47.92 26.44 19.67 LSi0Sen tenes 
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series on Batsto river for a drainage area of about 69 square miles, 
It will be found by the following table that the flow-off for these 
two water-sheds agrees very closely for a given rainfall, notwith- 
standing the marked difference in the size of the water-shed : 


FLOW OF GREAT EGG HARBOR AND BATSTO RIVERS COMPARED. 


June to November, 1891— 


Rain, Flow. Difference, 
Creatwbco Man DOU ssesscaecsecscedstanansssed 24.97 8.70 16.27 
IB AtslOmrentsenmtenscessroecmecascercusasesteennaress 24.75 8.70 16.05 
December, 1891, to May, 1892— 
Great Egg Harbor...... Soo CBUGSOOBUDE Tocancocce 25.41 12.71 12.70 
DALStOUaseccnscmeceseesascts sabe aceuentscwetne sence 24.44 11.96 12.48 
June, 1891, to May, 1892— 
Great Woo iElarborcsccccessesccrse ver descecess 50.38 21.41 28.97 
IBatetoenesserstaacctraeeasssccessecceecsretasseatees 49.19 20.66 28.53 
April, 1891, to March, 1892— 
Greatiivonblanboteessuscrcscocscsertsens cares 47.64 21.90 25.74 
TEES naceiGosaendndcascocuduseocqnabuuasecnesecads . 46.39 20.31 26.08 
EVAPORATION. 
) 
; a 
Sah Ci bee eh lipo! 
3 3 > 
Hee alae Dee 
a rs) Oo | & & 
June, 1891, to May, 1892— 
(Creaipl WOU EALDO: asacenscccsesacceseccssss ..| 50.38 26.90 |: 27.41*| —1.56 
Batsto........ Mee oaee oneness sierscmessresaes ceases 49.19 26.67 26.97% | —1.56 
April, 1891, to March, 1892— 
Great Woctatboterrsosscaecsccrteesscossescess 47.64 | 26.37 QD TA © leccatecosess 
J BEN STH0)s4 nde csocé oseaadoconeic8iod bcdoabnave oodoogln 47,39 26.14 PX) il eoddcoaonee 


* Corrected for loss to ground-water in last column. 


In the latter part of this table it will be seen that there is good 
agreement between the observed evaporation and that computed per 
square mile, especially for the last period, which is the only one for 
which we have gaugings on both streams beginning and ending with 
full ground-water. 

As the conditions on these coast streams show the widest departure 
from the conditions on the Passaic, Croton and Sudbury, it may be 
well to make a more careful comparison of the results of this series 
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of gaugings with the computed flow for the same period as deter- 
mined by our formule. This we have done in detail in the table 
following the table of gaugings. This exhibit shows a general excess 
of computed over observed flow of 12 per cent. from December to 
May, and a deficiency of 4 per cent. from June to November, with 
an excess of 8 per cent. for the year; or, if we exclude the first. - 
period, for which rainfall data are less satisfactory, the last two years 
show 7 per cent. excess of computed over observed flow. Some of 
this is doubtless due to leakage at the point of gauging, but it is 
mostly to be attributed to the fact that we have adopted a uniform 
excess of 14 per cent. throughout the year over evaporation shown 
on the Passaic. The following table has been prepared from the 
Climatology of New Jersey. It gives first the average yearly and 
seasonal temperatures for the Red-sandstone Plain and Highlands 
taken together, as these approximately represent conditions on the 
Passaic water-shed. Next we give the same data for the southern 
interior and coast, as these two together represent fairly the region 
under consideration. It will be seen from this that the difference in 
evaporation will not be uniform throughout the year as we have 
assumed, and instead of a uniform rate of 14 per cent. excess over the 
Passaic evaporation, we should have allowed about 8 per cent. in 
spring, 11 per cent. in summer, 19 per cent. in autumn and 19 per 
cent. in winter. Had this been done the above discrepancies would 
disappear, but since the final result would not be seriously affected 
we have decided to adhere to the more simple method of applying the 
even correction throughout the year. 


TEMPERATURE BY SEASONS, IN DEGREES FAHRENHEIT. 


Year. Spring. Summer, Autumn. Winter: 


Red Sandstone Plain and Highlands... 49 47.1 69.4 51 28.5 
Southern Interior and Coast.........2..++ 52.4 48.9 72.1 55.8 33.1 
Difference in Temperature.............0065 3.4 18 2.7 4.5 4.6 
Difference in Evaporation..,......00s0c00. 17% 9% 13.5% 22.5% 23% 


The facts brought out by the gauginge, however, are striking evi- 
dence of the paramount influence of temperature upon evaporation 
and the flow of streams, and of the delicacy with which streams 
respond to slight difference therein. 
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We are aware of the fact that a more refined and accurate formula 
for computing evaporation from rainfall and temperature than the 
one we are using is quite possible. It is more cumbersome in appli- 
cation, however, and requires more accurate temperature observations 
than are generally available, consequently we have hesitated to intro- 
duce or apply it. 

Table No. 61 applies to the Great Egg Harbor water-shed, giving 
safe results everywhere. For portions of the water-shed exceeding 
100 square miles we may, for the driest year, apply Table No. 61 A, 
but such application should be after more careful consideration. 

Water-supply.—The water of this stream has the usual brownish 
color peculiar to its class, but the analysis which we give later indi- 
eates a remarkably pure water, although slightly acid. Storage 
could probably be found sufficient to utilize 14 inches per annum, 
and while the reservoirs would usually be rather shallow, it is not 
believed that this would cause any deterioration of the water, judg- 
ing from present indications. It must be remembered that in this 
sandy soil a very slight depth of water is usually sufficient to destroy 
all vegetable growth, and shallow ponds usually keep as sweet and 
pure as the deeper ones. At Mays Landing the'stream drains 215.8 
square miles, and we estimate the average flow to be 224,400,000 
gallons daily. In the driest year, with storage, the stream will supply 
143,800,000 daily. The minimum flow is 36,400,000 gallons daily. 
At Weymouth, the drainage being 192 square miles, the average flow 
is 199,000,000 gallons daily, and the minimum 32,250,000 gallons 
daily. With storage, 128,000,000 gallons daily may be collected. 
The elevation here is 37 feet. At the highway bridge just below the 
New Jersey Southern railroad crossing the main stream drains 51 
square miles, having a minimum flow of 8,570,000 gallons daily, 
and a capacity with storage to supply 29,100,000 gailons daily, the 
elevation being 70 feet. 

Hospitality Branch drains 50,5 square miles, having a minimum 
flow of 8,480,000 gallons daily, and a capacity with storage of 
28,800,000 gallons daily, the elevation being 40 feet. 

South river, at the site of Monroe furnace, has a minimum flow of 
3,190,000 gallons, and with storage will supply 10,830,000 gallons 
daily. The elevation is 12 feet. 

Stephen’s creek, at Estellville, has a minimum flow of 1,695,000 
gallons daily, and a capacity with storage of 6,000,000 gallons daily. 
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Babcock’s creek, at Mays Landing, including Watering Race, or 
North Branch, has a minimum flow of 3,965,000 gallons, and with 
storage will supply 12,100,000 gallons daily. 

Water-power.—There is but a small amount of power developed 
on the Great Egg Harbor, as will be seen by Appendix I. Although 
the fall is not great, several opportunities exist to develop water- 
power. The plant of the Mays Landing Water-Power Company, at 
the head of tide, is a well-equipped one. Power is used to operate 
a large cotton mill. The fall varies somewhat with the tide, ranging 
from 10 to 11.5 feet. The dam is of earth, with a substantial stone 
overfall and a large pond. The wheel plant here has been recently 
enlarged, but up to 1890, 180 horse-power was in use, and was said 
to be always obtainable, with a little waste over the dam, the power 
being used 64 hours per week. This is equivalent to a power of 
.029 horse-power per foot fall for each square mile of water-shed, 
entirely harmonizing with our computed flow during the driest 
period. The present wheel plant being much larger, is not fully 
supplied with water throughout the year. We estimate the power 
available for 9 months at 21.6 horse-power per foot fall, and for 6 
months, 35.7 horse power per foot fall day and night. 

At Weymouth, there are a paper-mill and saw-mill, with 13 feet 
fall, and 160 gross horse-power is said to be developed. We esti- 
mate for 9 months 19,2 horse-power per foot fall, the pondage being 
good. At the head of Mays Landing pond, 10 feet fall could be 
developed, with about the same power per foot as at Mays Landing, 
or 200 horse power in all for 9 months. 

Below the mouth of Hospitality Branch, the drainage being 155: 
square miles, 15.5 horse-power per foot fall is available, and about 
15 feet fall could be developed, or 227 horse-power in all. Near the 
crossing of the New Jersey Southern railroad, on the main stream, 
we estimate the available power at 5 horse-power per foot fall. 

Hospitality Branch, near its mouth, will furnish 5 horse-power per 
foot fall for 9 months, and 15 feet fall could be developed. 

Deep run, at its mouth near Weymouth, will furnish 2.26 horse- 
power per foot fall, and 20 feet fall could be developed with good 
pondage, so that 90 horse-power could be used for 12 hours daily. 

South river, at Monroe furnace, will furnish 1.9 horse-power 
per foot fall, and 15 feet fall might be developed. At Estellville, 
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Stephen’s creek has an available power of about 1 horse-power per 
foot fall on 6 feet fall, or 12 horse-power for 9 months and 20 for 6 
months for working hours. Babcock’s creek, at Mays Landing, will 
furnish, for 9 months, 2.1 horse-power per foot fall, and 12 feet 
fall, with good pondage, could be developed. 


PATCONG CREEK. 


This is a tributary of Great Egg Harbor bay, at a point. just 
below the mouth of the river. It is about ten miles long in a direct 
line from source to mouth, and for half its length is tidal. Above 
the lower mill-pond at Bargaintown it drains 19 square miles, and 
applying Table No. 60 we find the minimum flow to be 3,200,000 
gallons daily. The ponds afford considerable storage, so that more 
than this amount could be actually drawn. The maximum amount 
available with storage is 10,800,000 gallons daily. 


ABSECON CREEK. 


This stream drains, to the bridge at Absecon, 18.3 square miles, 
and above the lowest mill-pond at the head of tide 12 square miles. 
Table No. 60 applies, and we find at the lower pond a minimum flow 
of 2,016,000 gallons daily, and a capacity with storage of 6,850,000 
gallons daily. 


MULLICA RIVER. 


This is the largest stream of the Atlantic coast group. It drains 
in all 570 square miles, and excepting the Delaware is the third 
stream in size in the State. It rises near Atco and flows 32 miles 
east-southeast, measuring in a direct line to the head of Great bay, 
6 miles from the sea. It is tidal and navigable for 20 miles, follow- 
ing the very sinuous course of the river. The depth of the channel 
through Great bay is not much over four feet at low tide, but in the 
river it increases to about 20 feet, ranging to 40 feet. The lower 7 
miles of the stream is bordered by tide marshes, which reach a width 
of 4 miles near the mouth. Its principal tributaries all converge at 
Batsto, at the head of tide. They are the Batsto, Atsion, Mechesca- 
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tauxin, Nescochague and Hammonton brook, embracing a total 
drainage of 221.6 square miles. This portion of the drainage area 
is quite similar to that of the Great Egg Harbor in its topographical 
features. The streams are all bordered by strips of cedar swamp, and 
they converge slowly as they flow down the gently-sloping plain. 
Eight miles from the mouth of the river, following the stream, but 
only half as much in a direct line, it receives its principal tributary 
from the north, known as Wading river. This stream rises west of 
Woodmansie, and 22 miles a little west of north from its mouth. It 
is navigable and tidal about 8 miles, this part of the stream being 
bordered by a narrow strip of tide marsh. It drains 189 square 
miles, or one-third of the whole basin of Mullica river. This tribu- 
tary and its branches are also much bordered by cedar swamp, but 
this is more disposed in compact and isolated areas than in regular 
strips along the streams. Less than 10 per cent. of the whole drain- 
-age area of Mullica river is cleared, and on Wading river less than 
2 per cent., the remainder being forested with cedar in the swamps 
and a rather sparse growth of pine on the uplands. Some clearing 
is being done at Egg Harbor City and Hammonton, the cleared areas 
being brought under cultivation. 
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FLOW OF BATSTO RIVER AT BATSTO. 


Drainage area, 69.7 square miles. 


“ FLOW IN CUBIC FEET PER 
eS) g SECOND. 
5 oe 
MONTH. Rs 5 “ 3 
Ivete bape alles 
= aliiet 5 3 : 
ee ey S) 4 < 
1891 
PADVUlWecrveses sc tensackesseetcneee ares scenes 2.24 2.05 287 92 127 
UV aiyite shfiees ax'saencssins eras asses cae ecueetss 2.92 1.44 112 70 86 
UG Rav ancaiieaclasesoccoscrscesedececeisoedaes 3.68 ial) 126 70 72 
SUL Yiovee tev casecsenarsesdeet ouserounseasnasens 7.12 1.79 197 59 109 
PAUIOUSteesnaceeeurecesasae ees seceetecssse eal 5.09 1.46 124 64 88 
DOPteMbersscsccesesecsrctvecessrrecstestes 2.86 1.62 226 67 101 
AO CTO DER ue.aesaesivacesenacccncosscos +e cutee 38.76 1.55 131 52 94 
INOVeI ber s-...tsserccossnecetcee sce csseraas 2.24 111 88 55 69 
Wecembetinrts...ss1 cccokemcencsessese weer 4.11 1.42 116 52 85 
1892 
DAMUBEY anctyorieeresiecn sea senenaie ne seston’ oss 4.79 2.38 259 46 141 
ALG DRUAT acc: see dante aeaceaewe silos esaseniessri 1.99 1.40 111 75 91 
IMarclivc.ac.ccecnecesonwicvssenseseranessees 5.59 2.92 265 107 175 
MAND UIUW vax crontcedaaacetosesscnectersce acess: 3.09 1.70 151 77 131 
IMiaiy eesti ses nstcesacttes ceeecots ttecnsesss-oes 4.87 2.14 168 91 128 
pM Oe a rcccensccedencote ses ssuessasdeeinecs ns 2.34 eon 111 38 63 
UUW yprecs waucesaweiesoveesesee cee cceeeaneeis 5.31 1.04 129 42 62 
USUI DUST ea seemastseees ese ososetserscescses ee 4.55 -80 68 34 48 
mepbemiberapessosecescoeses csueacctes osu 1.45 62 49 31 39 
Rain—Inches, Flow—lInches. 
wune to Novembern 1’ SQlirs..scssoue sts ensccecsesseesess 24.97 8.70 
Wecemberton Vay wlSO 2 sacacssostscsnessetescie.erecs 24.44 11.96 
UNE moO OM Maya SON ee tesracerctsseestetetsre es 50.38 20.66 


April Sol ston March S92. ssccc<csscosressssccesesce 46.39 20.31 


Gaugings have been made of the flow of Batsto river, at Batsto, 
with the co-operation of Joseph Wharton, Esq., and the accompany- 
ing table of flow gives the results of this work. An extended com- 
parison of the results of these gaugings with those for the Great Egg 
Harbor river during the same period has been made in our discussions 
of the latter gaugings already given. A more extended and detailed 
study shows that this similarity extends throughout, so that for a 
given depletion of ground-water both streams show the same rate of 
flow per square mile of drainage area, and the same ground-flow 
. curve answers for both. This is the curve on which Table No. 61 is 
based, which table consequently applies to the flow of the Batsto, and 


982 GEOLOGICAL SURVEY OF NEW JERSEY. 


by inference to all other branches of the Mullica, while Table No. 
61 A may be safely applied to the larger areas for the driest period. 

Water-swpply.—The waters of Mullica river, while they have the 
characteristic brownish color of these southern New Jersey stream 
waters, have in a marked degree the advantages of uninhabited 
gathering-ground and perfect natural sand filtration; conditions 
favorable to great purity and softness. We estimate the average flow 
of the whole stream into Great bay at 593,000,000 gallons daily, 
and the minimum flow at 95,800,000 gallons daily. 

Batsto river above the dam at Batsto, drains 69.7 square miles. 
It has an average flow of 72,500,000 gallons daily, with a least flow 
of 11,600,000 gallons, and a capacity with storage to supply 
46,400,000 gallons daily. 

Atsion river above the pond at Batsto drains 73.15 square miles 
and has an average flow of 76,000,000 gallons daily, with a minimum 
of 12,300,000 gallons. Its supplying capacity with storage we esti- 
mate at 48,700,000 gallons daily. 

The Nescochague above the dam at Pleasant Mills drains 34.99 
square miles. Its average flow is 36,400,000 gallons and its mini- 
mum 5,870,000 gallons daily. With storage its supplying capacity 
is 17,200,000 gallons daily. 

The total drainage of the headwaters of the Mullica above Batsto» 
embraces 221.6 square miles, with a total average flow of 230,000,000 
gallons and a minimum flow of 37,200,000 gallons daily, and a 
capacity with storage to supply 147,000,000 gallons daily. 

The west branch of Wading river drains 97.12 square miles, Its 
average flow is 101,000,00C gallons daily and least flow 16,400,000 
gallons daily. Its supplying capacity with storage is 64,700,000 
gallons daily. 

The east branch of Wading river drains 66.45 square miles, and 
has an average flow of 69,200,000 gallons daily. Its minimum flow 
is 11,200,000 gallons daily, and with storage it will supply 44,300,000 
gallons daily. 

Bass river will afford a local supply of considerable amount. 
Nacote creek above the pond at Port Republic drains 17 square 
miles, and we estimate its minimum flow at 2,850,000 gallons daily 
and its supplying capacity with storage at 9,700,000 gallons daily. 

Water. power.—There are in all but 14 mill sites at present on this 
water-shed, whereas in 1850, Gordon’s map shows 27 sites, of which 
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20 were occupied by mills—probably mostly small saw-mills—and 7 
by iron furnaces. 

Batsto river, at Batsto, has an old furnace site, with 9 feet fall, 
now occupied by a small grist and a saw-mill. We estimate 7 horse- 
power per foot fall for 9 months, or 70 horse-hower in all, day and 
night. There is good pondage, so that probably twice this would be 
available for 12 hours daily. The Pleasant Mills Paper Company 
occupy a site with 10 feet fall on Hammonton brook, the Nescochague 
being diverted into the pond by a raceway and a large storage pond, 
so that the mill receives water from 53.3 square miles on Hammon- 
ton brook and the Nescochague and 73.15 on the Atsion, or 126.5 in 
all, giving 12.65 horse-power per foot fall for 9 months, but with the 
large pondage, twice this is available for working hours. At Atsion, 
on the site of the old Atsion furnace, there is 9 feet fall not at pres- 
ent in use. The drainage area of Atsion river above this point is 
25.09 square miles, and the Mechescatauxin has been diverted by a — 
raceway, adding 18.62 square miles, making 43.7 square miles in all. 
We estimate the power available for 9 months at 4.37 horse-power per 
foot fall, but as there is good pondage, more than this will be avail- 
able for working hours. 

On the east branch of Wading river, at Harrisia, there is a paper- 

“mill which has recently suspended operations. It has 12 feet fall, 

and the west branch of Wading river is diverted into the pond by a 
canal, giving a total tributary water-shed of 155 square miles. We 
estimate for 9 months 15.5 horse-power per foot fall, or 186 horse- 
power in all, day and night, the pondage being sufficient to make 
much more than this available during working hours. At Martha 
furnace site, just above, on the east branch, or Oswego river, there is 
an abandoned site with 12.5 feet fall and 64 square miles drainage, 
giving for 9 months 6.4 horse-power per foot fall day and night. 
About 2 miles further up, 10 feet fall and 60 horse-power could be 
developed. 

On the west branch of Wading river, 1 mile above where it is 
diverted to the paper-mill at Harrisia, 15 feet fall could be developed 
with 90 square miles drainage, giving 9 horse-power per foot fall day 
and night. At the the old Speedwell furnace site, 8 feet fall is avail- 
able, and Shoal branch, being diverted to the pond by a canal, the 
drainage area is about 50 square miles, and 5 horse-power per foot 
fall, or in all 80 horse-power for working hours could be obtained. 


284 GEOLOGICAL SURVEY OF NEW JERSEY. 


There are large areas of valuable cranberry bogs under cultivation 
upon the cedar swamp bottoms of Wading river and its branches. 

Nacote creek, at the large pond at Port Republic, will furnish 1.9 
horse-power per foot fall, 6 feet fall being available. The pondage is 
large enough to give 23 horse-power for 12 hours daily. 


SMALL STREAMS OF OCEAN COUNTY. 


In general, Table No. 60 may be applied with safety to all these 
streams, although in some cases the flow may be as high as that 
shown by Table No. 61. 

Tuckerton creek.—Above the mill-pond at Tuckerton, this stream 
drains 11.9 square miles, and we estimate a minimum flow of 2,000,- 
000 gallons daily. . The capacity with storage is 6,800,000 gallons 
daily. About 0.9 horse- power per foot fall is the available power for 
9 months, the fall being 7 feet with good pondage. 

Westecunk creek.—Above the pond at West Creek village this 
stream drains 21 square miles, and we estimate the minimum flow at 
3,530,000 gallons daily. The capacity of the stream with storage is 
12,000,000 gallons daily. The power available at this point for 9 
months is 1.6 horse-power per foot fall, and the fall being 6.25 feet 
about 20 horse-power may be had for working hours. There are 
large cranberry bogs at Staffordville on this stream. 

Manahawken creek, or Mill creek.—Above the large pond at Mana- 
hawken village this creek drains 19.7 square miles. The pond 
has an area of 98 acres, and we estimate the minimum flow at 
3,300,000 gallons daily. With storage the stream will supply 
11,250,000 gallons daily. The power available for 9 months we 
estimate at 1.5 horse-power per foot fall, and the fall is 8 feet, so that 
with a large pondage 24 horse-power is easily attainable during work- 
ing hours. 

Forked river.—The north branch of this stream above the village 
bridge drains 14.7 square miles, and we estimate the average flow at 
15,300,000 gallons daily, the minimum flow at 2,470,000 gallons 
daily, and the capacity with storage 8,400,000 gallons daily. The 
power available for 9 months is 1.1 horse-power per foot fall, the 
fall being 8.5 feet at the saw and grist-mill, giving about 20 horse- 
power for working hours. 

Cedar creek.—This stream drains 55.8 square miles above the vil- 
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lage bridge, and Table No. 61 may be safely applied, as the stream is 
bordered throughout by cedar swamps. We estimate the average 
flow at 58,000,000 gallons daily, the minimum flow at 9,370,000 
gallons daily, and the supplying capacity with storage 31,900,000 
gallons daily. The power available at this point we estimate at 5.6 
horse-power per foot fall for 9 months, and about 15 feet fall could 
be developed with large pondage, giving 84 horse-power day and 
night, or 168 horse-power for 12 hours daily. 

At Double Trouble saw-mill there is 6 feet fall with large pondage. 
The drainage being 45 square miles, 4.5 horse-power per foot fall, or 
27 horse-power continuous, and twice this for working hours may be 
obtained during 9 months. Further up the stream there are two 
good ponds at the site of the old Dover forge and the Farrago forge 
at Bamber, both of which are now used for saw-mills. 


TOMS RIVER. 


This stream rises at Clarksburg, near the source of the Assanpink 
and Millstone, in Monmouth county, and flows southeast to the head 
of tide at Toms River village, a distance of 20 miles in a direct line. 
Thence eastward, 5 miles to Barnegat bay, the river extends as a 
shallow estuary, from 5 to 10 feet deep and about 1 mile wide at the 
mouth, being practically an arm of Barnegat bay. The water-shed 
lies almost entirely upon the Tertiary sand and gravel, and has an 
area of 163.8 square miles. The upper portion resembles the more 
southerly streams of this group, the water-courses being everywhere 
bordered by strips of cedar swamp, and the uplands from 40 to 60 
feet higher and wooded with the characteristic pine growth of this 
section. On the lower portion of the water-shed, there is a little 
variation in the topography. The stream and its branches are bor- 
dered by flats half a mile or less in width, from which the uplands 
rise quite abruptly at first by steep banks about 30 feet high. Fur- 
ther back, the uplands rise from 60 to 80 feet above the stream 
valley. Only 6 per cent. of the water-shed is cleared of timber. 

Table No 61 applies to the flow of Toms river and its branches. 

Water-supply.—The water is of the same general character as the 
other streams of this group. We estimate the total flow at Toms 
River bridge at 170,000,000 gallons daily during the average year, 
and the minimum flow at 27,500,000 gallons daily. The whole 
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water-shed has a supplying capacity, with storage, of 112,000,000 
gallons daily. 

Above the confluence of Ridgeway Branch, the stream drains 58 
square miles and has an average flow of 61,400,000 gallons daily, a 
minimum flow of 9,900,000 gallons daily and a capacity, with stor- 
age, to supply 33,750,000 gallons daily. 

Ridgeway Branch is the principal affluent and rises near Collier’s 
Mills, on the west line of Ocean county. It flows southeast by 
east, joining Toms River 3.5 miles above the village. It drains 64.9 
square miles and has an average flow of 67,500,000 gallons, a mini- 
mum of 10,900,000 gallons and will supply, with storage, 37,200,000 
gallons daily. 

Union Branch is the principal affluent of Ridgeway, which it joins 
2, miles above the mouth. This branch drains 30 square miles and 
has an average flow of 31,200,000 gallons daily, a minimum of 
5,040,000 gallons daily and, with storage, will supply 17,220,000 
gallons daily. 

Davenport Branch drains 34 square miles. It has an average 
flow of 35,300,000 gallons, a minimum of 5,720,000 gallons and a 
capacity, with storage, to supply 19,400,000 gallons daily. 

Water-power.—There are at present on this water-shed but 12 
mills at 9 mill sites, with an aggregate of 288 net horse-power. In 
1850, we find 19 mills and Manchester and Phcenix iron furnaces 
using power on the stream and its branches. Here, as elsewhere in 
this portion of the State, this decadence of water-power is due to the 
exhaustion of the timber-supply, causing the abandonment of saw- 
mills and to the change of conditions in the iron industry, which 
caused the abandonment of the small charcoal furnaces. Owing to 
the configuration of the lower valiey, the opportunities for the 
development of water-power are exceptionally good on this stream. 
At the crossing of the highway from Toms River to Manchester, a 
development very similar to that at Millville would furnish 25 feet 
fall with a pond 4.5 miles long and half a mile wide. The drainage 
area is 129 square miles, and we estimate the power for 9 months at 
12.9 horse-hower per foot fall, or 322 horse-power day and night, 
which, with the pondage mentioned, would give 644 horse-power for 
12 hours daily. This power, in the very driest season, would never 
fall below 193 horse power for 12 hours daily. Just above the con- 
fluence of Ridgeway Branch, the available power of the stream is 5.8 
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hhorse-power per foot fall, and 15 or 20 feet fall could be readily 
developed. At White’s bridge, the stream will furnish 4.5 horse- 
power per foot fall, and facilities are good for developing 15 feet fall. 

On Ridgeway Branch, at the site of the old Phoenix furnace, about 
one mile above the mouth, 6.4 horse-power per foot fall is available, 
and 15 or 20 feet could be readily developed. At Manchester pond, 
on Union branch, we estimate 2.1 horse-power per foot fall, there 
being 14 feet fall with good pondage, so that about 60 horse-power 
is available for 12 hours daily during 9 months of the year. 

On Davenport Branch, at Van Schoick’s mill, we estimate 3.4 
horse-power per foot fall, or twice this for working hours for 9 
mouths of the year. 

Tt will be seen that Toms river presents exceptionally good facili- 
ties for developing water-power, and an aggregate of 1,000 horse- 
power.could be easily obtained. 


METEDECONK RIVER. 


This is the last of the coast streams as we go northward which has 
its water-shed wholly upon the Tertiary sand and gravel. The lower 
A miles of the river is a shallow tidal estuary like that of Toms river, 
having an average width of about half a mile, and really forms the 
head of Barnegat bay. From the head of tide at Burrsville to the 
source of the river at Charleston Springs is 16 miles in a direct line, 
the general course of the river being east-southeast. The river has 
two branches, which rise close together and alternately recede and 
approach each other, the distance apart nowhere much exceeding 3 
miles, and being in some cases less than one. They do not finally 
come together until within about a mile from the head of tide. 
The South Branch flows through Lakewood, and the whole area 
drained above the head of tide is 73.9 square miles. The relief of 
the water-shed is considerably bolder than upon the previous streams 
of this class. The streams are bordered by a very narrow strip of 
wooded swamp, the aggregate area of swamps being quite small, and 
the uplands rise in many places with considerable abruptness from 75 
to 100 feet above the stream valleys. The uplands are covered with 
the characteristic pine growth of the Tertiary plain. But 32 per 
cent. of the whole area is cleared and under cultivation. 

Table No. 61 may be safely applied to the Metedeconk. 
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Water- swpply.—The water of the South Branch is used at present 
to supply Lakewood to the extent of 280,000 gallons daily, all of the 
water being filtered. We estimate the average flow at Burrsville at 
76,800,000 gallons daily, the minimum at 12,400,000, and the sup- 
plying capacity, with storage, 42,300,000 gallons daily. The North 
Branch drains 43.2 square miles, with an average ilow of 44,800,000 
gallons, a minimum of 7,250,000 gallons, and a capacity to supply 
24,600,000 gallons daily, with storage. South Branch, at Lakewood, 
has an average flow of 25,500,000 gallons daily, a minimum of 
4,120,000 gallons and a capacity to supply, with storage, 14,000,000 
gallons daily. 

Water-power.—At Burrsville there is an old mill-site with 9 feet 
fall and a large pond. We estimate the power for 9 months at 7.4 
horse-power per foot fall, or 66.6 for the fall given, twice this being 
available for 12 hours daily. The North Branch at Lane’s mill will 
give 3.8 horse-power per foot fall for 9 months, and the same stream 
at Lakewood 2 horse-power per foot fall, and 10 feet fall could be 
developed, or 40 horse- power for 12 hours daily during 9 months. 

The South Branch, near its mouth, will furnish 2.9 horse-power 
per foot fall, and 10 feet fall might be improved. At Lakewood we 
estimate 2.45 horse-power per foot fall. There is 9 feet fall with 
good pondage, so that 44 horse-power may be had for 12 hours daily 
during 9 months, or 75 horse-power during 6 months. The power 
here is used for pumping water and running the electric light plant, 
the largest use being in winter. At Bennett’s mills we estimate 1.8 
horse-power per foot fall, and the fall is 9 feet with good pondage, so 
that 32 horse- power is available for 12 hours daily. 


MANASQUAN RIVER. 


This stream rises southwest of Freehold, 17 miles from its mouth, 
and flows southeasterly. From the inlet to the head of tide, a dis- 
tance of 5.5 miles, is a tidal estuary from one-quarter to one-half a 
mile in width, with an area of 1,216 acres. Manasquan inlet fur- 
nishes a restricted outlet to the sea. This portion of the river is quite 
picturesque, the topography being much bolder than that of the pre- 
vious water-sheds. The stream has a well-defined valley along its 
lower course, about two miles wide and from 100 to 150 feet deep. 
There is comparatively little swamp and the upper portion of the 
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water-shed is quite highly cultivated, only 32 per cent. of the whole 
being in forest. The cultivated portion of the water-shed is largely 
on the marl district, and the stream is in consequence, when swollen, 
muddier than those more southerly. The whole area drained is 80.5 
square miles, 

Water-supply.—It will be seen from our description above that 
the stream is less promising as a source of water-supply than those 
we have previously described. The average outflow of fresh-water at 
Manasquan inlet is 83,600,000 gallons daily. At Upper Squan 
bridge, above the head of tide, the average flow is 67,300,000 gallons 
daily, and the minimum 10,900,000 gallons daily. 

Water-power.—At Upper Squan bridge the stream will furnish 
during 9 months 6.5 horse-power per foot fall. Thirty feet fall 
could be developed here with fine pondage, giving 195 horse-power 
continuous, or 390 horse-power for 12 hours daily. This site is con- 
venient to be used for electric lighting, &c., along the seashore. 


SMALL COAST STREAMS OF MONMOUTH COUNTY. 


Wreck pond.—This has a water-shed of 12.8 square miles and an 
average inflow of 13,300,000 gallons daily, the minimum being 
2,150,000 gallons daily. 

Shark river.—This stream flows into the Shark River bay, which 
has an area of 1,018 acres, with a restricted and uncertain outlet to 
the ocean, which is sometimes closed by storms, temporarily. The 
drainage of the river to the head of the bay embraces 16.9 square 
miles, of which 59 per cent. is wooded. The average flow is 
17,550,000 gallons daily, and the minimum 2,830,000 gallons daily. 
With storage the stream will supply 9,670,000 gallons daily. There 
is some marl along the main stream. 

The North Branch above the pond at Kisner’s grist-mill drains 
5.92 square miles. The minimum flow is 990,000 gallons daily, 
and with storage the stream will supply 3,390,000 gallons daily. 

Deal lake.-—This lake has an area of 144 acres and receives the 
drainage from 6.1 square miles, giving an average flow of 6,340,000 
gallons and a minimum flow of 1,025,000 gallons daily. 

Whale-pond brook.—This stream is used as a source of water-sup- 
ply for Long Branch. It is reported that 1,000,000 gallons daily is 
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used, the supply being filtered. The stream drains 5.1 square miles, 
giving an average flow of 5,300,000 gallons and a minimum of 
855,000 gallons daily. The maximum available with storage will be 
2,910,000 gallons daily. There is already some storage in use. 

Shrewsbury river—This is really a large, shallow, irregular bay, 
having an area of 2,202 acres above Seabright bridge, and receiving 
the flow of several small tributaries. The drainage amounts to 29 
square miles, and covers a populous and cultivated area, The average 
inflow of fresh water amounts to 30,200,000 gallons daily. 


NAVESINK RIVER. 


This stream rises near Freehold and flows 17 miles northeast to 
Sandy Hook bay. It will be observed that its course is at right 
angles to the general course of the Atlantic coast streams. The 
lower 7 miles up to Red Bank is a tidal estuary about three-quarters 
of a mile wide and 250 acres in extent. The entire drainage area is 
95 square miles, and this lies almost wholly in the marl region and 
is highly cultivated. The water-shed is also populous. Its topo- 
graphy is entirely different from that of the Tertiary water-shed and 
resembles somewhat that of some of the tributaries of the lower 
Delaware. The stream and its branches traverse narrow, flat-bot- 
tomed ravines, bordered by high banks and are sinuous in their 
course. Table No. 60 applies to the flow of the Navesink and its 
branches. 

We estimate the average flow into Sandy Hook bay at 98,850,000 
gallons daily, not including the Shrewsbury. 

Water- supply.—It is sufficiently indicated by the above description 
that this stream is not fitted to become a source of water-supply, 
although some of its small branches might afford good local supplies. 
We estimate that Swimming river, at Red Bank, discharges an 
average of 68,000,000 gallons daily and a minimum of 11,000,000 
gallons daily. 

Water-power.—Swimming river affords some good opportunities 
for the development of water-power in moderate amounts on its upper 
courses. At Red Bank, a dam 1,300 feet long would develop 30 feet 
fall with large pondage. We estimate that for 9 months, 5 horse- 
power per foot fall, or 150 horse- power day and night, and 300 horse- 
power for 12 hours daily could be obtained, and the minimum flow 


WATER-SUPPLY. 291 


of the stream would furnish 2 horse-power per foot fall, or 120 
horse-power for 12 hours daily. 

The water-power at Tinton Falls is one of historic interest. This 
was the site of Lewis Morris’ iron works, established not later than 
1682. The drainage of the stream above this point embraces 12.25 
square miles, and the fall is 28 feet. For 9 months, 0.94 horse- 
power per foot-fall, or in all, 52 horse-power for 12 hours daily can 
be obtained, and for 6 months, 94 horse-power for 12 hours daily is 
available. It will be seen that this was sufficient for what would be 
regarded as a good-sized plant at that period. 


SMALL BRANCHES OF RARITAN BAY. 


These streams lie entirely on the marl region and, in general, are 
of little economic importance. It is not necessary to take them up 
in detail. Table No. 60 applies to their flow. 


SOME GENERALIZATIONS AS TO WATER-SUPPLY. 
LEAST MONTHLY AND MINIMUM FLOW. 


We have, in our foregoing estimates, dealt with the average flow 
of the stream during the driest month. It should be remembered 
that many streams are likely to fall below this amount for as much 
as two weeks. In Table No. 42, we have given a list of observed 
minima for the various streams. We may compare these with the 
computed average flow during the driest month. 

Table No. 51, applying to Kittatinny valley and Highland streams, 
gives a least ronal flow at the rate of 81,000 gallons daily per 
square mile. In our remarks following Table No. 42 we conclude 
that the natural minimum of these streams ranges between 0.10 and 
0.15 cubic foot per second per square mile, or 64,627 to 96,940 gal- 
lons daily. It is evident, therefore, that on this class of streams, in 
order to always obtain the rate given as the least monthly flow, a 
small amount of storage must be provided equal to about 100,000 
gallons per square mile. 

Table No. 52, applying to such streams as the Pequest, shows a 
least monthly flow at the rate of 140,000 gallons daily. These 


292 GEOLOGICAL SURVEY OF NEW JERSEY. 


streams occasionally fall as low as 97,000 gallons daily, so that stor- 
age to the amount of 650,000 gallons per square mile would be 
needed. The flow of the Passaic is given in Table No. 58 at the 
rate of 127,000 gallons daily per square mile for the driest month. 
The least observed is 123,000 gallons daily per square mile, so that 
storage to the amount of 60,000 gallons per square mile would be 
needed in order to hold the stream up to the average flow of the 
driest month. Table No. 54 applies to the Hackensack and northern 
red sandstone streams with large ground-flow. It gives the flow 
during the driest month at 123,000 gallons daily, and when allowed 
to flow naturally it appears from our observations that this class of 
streams do not fall below this. It may be remarked here that it is 
the rule with streams of large ground-storage that their flow is more 
evenly sustained during the dry months, and they do not fluctuate to 
the extreme low limits of those with more limited ground-flow. 

Table No. 55, for the Raritan, gives an average flow during the 
dry months as low as the lowest flow which has ever been observed. 

For the class of stream to which Table No. 56 applies, it will be 
best to provide storage amounting to 330,000 gallons per square mile 
in order to obtain the average flow during the driest month at all 
times, since these streams are likely to run entirely dry during two 
weeks, The flow of the Delaware is given in Table No. 57 at 
127,000 gallons daily per square mile during the driest month, 
whereas the actual observed minimum is 110,000 gallons daily per 
square mile, so that 255,000 gallons per square mile of storage should 
be provided in order to obtain the average flow for the driest month 
during every day of that month. The southern New Jersey streams 
all have large ground-storage, and when flowing naturally will 
always furnish the average daily flow for the driest month, but in all 
cases the possibility of water being held in ponds above should be 
considered. 

Plate 10 shows the comparative fluctuations of the Passaic and 
Raritan, of about the same size, and of the Neshaminy and Batsto. 
This exhibit gives a good indication of the relative steadiness of 
the different classes of streams if we remember that, other things 
being equal, smaller water-sheds invariably fluctuate more than larger 
ones. These diagrams are all plotted in depths on the water-shed in 
24 hours, so that we may compare the proportional flows per square 
mile of water-shed. A still more instructive exhibit is the diagram 
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of daily flow of the Passaic, covering 17 years, which is shown in 
Plate 8. The study of this diagram shows that practically every 
year but 1889 and 1890, or 15 years out of 17, shows quite an 
extended dry period, yet if we should take the average flow by 
months during these years, this dry period would be, to a consider- 
able extent, hidden, since it does not always occur in the same 
months. It is for this reason that the average year which we have 
adopted, in accordance with the usual custom, and as an indication of 
the relative discharge of different sections, does not give a true con- 
ception of the real average of a period of years. This was the rea- 
son why we adopted for our ordinary dry year an actual year of 
rainfall, as shown by the records, and one which embodied an 
ordinary dry period, and this also explains the reason why our 
ordinary dry year exhibits a flow for 9 months about equal to what 
will be maintained on an average 9 months out of 12. In other 
words, the dry period exhibited by our ordinary dry year will be 
approximated to almost every year during some part of the year. 
The year which we have given as an average year has consequently 
but little economic value, and this is an illustration of the evil which 
has resulted from the practice of dealing too much with average rain- 
fall, average flow aud percentages in comparing different streams and 
estimating their capacity. 


COMPUTED YIELD WITH STORAGE, VERIFIED BY GAUGINGS. 


There is always a tendency to be optimistic in computing the 
amount of water available from a given water-shed. It may, at first 
sight, seem strange that there should be so wide a difference between 
what we have computed as the flow for the average year and the 
amount which can be collected and drawn upon at a uniform rate 
throughout the year during the driest period. The following table 
summarizes our estimates on the different classes of water-sheds, and 
will be found convenient for reference in this connection : 
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AVERAGE AND COLLECTIBLE FLOW-OFF OF STREAMS. 
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Kittatinny Valley and Highlands........) 24.41 1,162,000 | 14.00 666,094 
WDelawanewRivers.c.ccsasjceseeseundesescene sce 24.75 1,180,000 | 14.00 | 666,094 
IPASsate LVL ccs<acheusecosseeseerctesenediacs 21.30 1,015,000 , 14.00 666,094 
Red Sandstone Streams.............sseseee 21.7 1,030,000 | 12.00 570,938 
Mirentonito: Camdeny...ccsrsoastensstece ores 20.66 985,000 | 12.00 570,938 
Below) Canmdenis.:h.cscs-sccassseosesececse sac: 19.61 933,000 | 10.00 476,090 
Coast SILCAIIS| «1.0 .cscneeseseessessdscesienst sc 21.88 1,040,000 | 12.00 570,938 


Our remarks just previous as to the indications of an average year 
are pertinent in this connection also. While the average yield of 
different streams may be useful as a means of comparing different 
sections of the country, it is something which never occurs during 
any given year. On account of the tendency to estimate rather high 
as to the yield of a water-shed, to which we have already referred, 
there may be some who will regard the results which we have reached 
as too theoretical. No one who has followed us intelligently can fail 
to recognize, however, that these results are purely empirical, based 
on actual experience, but it may be well to further enforce our con- 
clusions by referring directly to the actual gaugings. We have noted, 
during the progress of our studies, that the Sudbury, Croton and 
Passaic all show practically the same yield for a given rainfall. 
Turning now to the record of gaugings on the Sudbury, on page 48, 
we find that from June, 1882, to December, 1883, a period of 19 
months, the total amount of water flowing off amounted to 14.33 
inches, whereas a draught at a uniform rate equal to 14 inches per 
annum would require a total of 22.17 inches upon the water-shed. 
The difference of 7.84 inches, consequently, would have to be drawn 
from storage reservoirs, and these would at no time during this 
interval have been full, nor would they fill until the following 
March, or 22 months in all. This is a very long period for such 
reservoirs to be drawn down. If the draught had been reduced to. 
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12 inches per annum they would have filled at the end of the twelfth 
month, which must be regarded as much more satisfactory. 

Next, the Croton, from June, 1870, to January, 1871, a period of 
8 months, shows a total flow of 3.98 inches, while a draught at the 
rate of 14 inches per annum would amount to 9.33 inches, leaving 
5.35 inches to be drawn from storage, and the reservoirs drawn to 
this extent would not fill again until the following November, thus 
remaining drawn down a period of 17 months. Again, the same 
stream, from May, 1880, to June, 1881, would not more than com- 
fortably fill its reservoirs at the end of the fourteenth month if drawn 
at the rate of 14 inches per annum. This is certainly strongly sug- 
gestive that during the still drier period in 1881 and 1882 we could 
not have collected more than 14 inches on the Croton water-shed. 

Turning to the Passaic, from May, 1880, to January, 1881, a 
period of 9 months, the total flow-off was 5.54 inches, whereas a 
continuous draught at the rate of 14 inches per annum would have 
required 10.5 inches, so that 4.96 inches would have been drawn 
from storage. In this case, the reservoirs would have filled in 
March, the eleventh month after the draught began. At the end of 
November, 1881, the depletion of reservoirs would have amounted 
to 5.11 inches, but in this case it would have filled at the end of the 
eighth month. The only reason that the Passaic does not exhibit as 
small a dry-season flow as the Sudbury is, that its rainfall in no case 
falls so low. This may be, and we believe it is, due to the larger 
size of the water-shed, as we have previously pointed out that the 
most extreme droughts shown by our records are probably limited to 
about 100 square miles of area, and some part of a large water-shed 
is quite sure to receive some heavy showers during these protracted 
dry periods. It follows that we have no warrant for supposing that 
on a portion of the Passaic water-shed as small as that of the Sud- 
bury the rainfall will not fall as low as the record upon that water- 
shed indicates, or as low as the dry period shown in the Philadelphia 
recerd during 1881 and 1882, on which we have based the dry- 
period flow shown by our tables. The same is true of the Tohickon, 
Neshaminy and Perkiomen. Our records there show a larger flow 
only because the rainfall is larger, and our studies indicate that not 
only is it likely at some time to fall as low as that of our driest 
period, but that in this case these streams would not yield as large a 
quantity of water as the Sudbury, since the evaporation is about one- 
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tenth larger. Right here, it may be well to also call attention to the 
danger of reasoning that because these streams show a larger percent- 
age of rainfall flowing off during the period of comparatively large 
rainfall covered by the gaugings, they will continue to show the same 
larger percentage in case the rainfall falls as low as that upon the Sud- 
bury in 1882 and 1883. The real relation between rainfall and 
stream-flow is that shown by our formula (F equals 0.82 R minus 
15.50), excepting as this amount might be augmented by draughts 
from ground-storage, thereby discounting, in a measure, the rainfall 
receipts of the following year. Our conclusions are, that all these 
streams obey the same law and that, given a water-shed no larger 
than the Sudbury, they will all be subject to as light a flow-off as 
that shown in 1882 and 1883, which we have cited above. For such 
water-sheds, we consider our estimates of yielding capacity to be the 
very highest that can safely be adopted. Indeed, we are disposed to 
recommend that in general a margin of 2 inches per annum under 
these estimates should be allowed where it can conveniently be done, 
as this will insure a more reliable and healthful supply. The waste 
which will result in the years of larger flow should not be regarded 
entirely as a loss. Some waste from storage reservoirs is, on the 
whole, desirable. Furthermore, floods may be regarded as nature’s 
method of washing down and purifying the gathering-grounde. In 
many eases, very long periods of low reservoirs will result in an 
inconvenient increase in objectionable vegetable and animal micro- 
organisms, 


SELECTION OF SOURCES OF SUPPLY. 


In another chapter our exhibit of the water-supply of the State 
now in use shows that all but a comparatively insignificant amount is 
drawn from our streams. The results of chemical analysis leave little 
doubt that stream-waters are by far the best for domestic consump- 
‘tion as a rule. In selecting gathering-grounds for the supply of a 
city, it is of the first importance that the geological and topographical 
conditions should be favorable to purity. If otherwise, it will be 
almost impossible to maintain this supply in a satisfactory condition. 
The very best waters of the State are those from the Archean High- 
lands. Not only is this true, but these streams are generally at a 
sufficient elevation to afford a gravity supply to our cities, thus saving 
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the expense of pumping. Next to this, from a hygienic point of 
view, come the waters of the Tertiary pine plain in southern New 
Jersey. The character of these water-sheds is such that a most 
thorough natural filtration is in constant operation, and it is almost 
impossible for any considerable impurities to find their way from the 
water-sheds into the streams. Next in rank come the waters of the 
Kittatinny valley, then those of the red sandstone plain, and finally 
those of the clay and marl region. Indeed, the latter are practically 
the only streams which are ever objectionable in their natural state, 
and even here many of the smaller streams have sandy and gravelly 
water-sheds, and form fair gathering- grounds. 

Next in importance in the selection of sources of supply, and only 
next because danger from this source may easily be remedied except 
in a few grave cases, comes the avoidance of sewage pollution inci- 
dental to populous water-sheds. This form of contamination should 
be avoided at any cost. No chemical analysis should be made the 
basis for continuing the use of a supply so polluted at any point near 
the source of pollution. Such waters may be used for a considerable 
period without causing any serious trouble, and yet, without a 
moment’s warning, they may breed a disastrous contagion. The 
effects observed in this connection by the Massachusetts Board of 
Health at Lawrence, from the sewage of Lowell, 10 miles above, on 
the Merrimac, indicate that even a small amount of sewage may cause 
disease. In fact, the prevalence of typhoid at Lawrence appeared to 
be directly traced to a few individual cases occurring on one of the 
branches of the Merrimac, and from which the germs were com- 
municated through the water-supply drawn from the river. This, 
however, is one of several similar cases. Even should a chemical _ 
and geological examination show no evidence of danger in a sewage- 
contaminated supply at a given date, this is no warrant for the con- 
clusion that such water will continue to be safe for any length of time 
in the future. The extreme rapidity of increase of micro-organisms, 
which sometimes takes place in water under examination, is suggestive 
of these possibilities. 

In this connection, it may be well to point out the proper place of 
chemical and microscopic analyses. There is no doubt that a con- 
siderable uncertainty exists even among the best authorities as to 
what confidence is to be placed on the results of these analyses, or, 
indeed, as to how they should be interpreted. Even the best and 


298 GEOLOGICAL SURVEY OF NEW JERSEY. 


most careful conclusions reached seem to be occasionally contradicted 
by the facts. It is not difficult to discover and count the minute 
animal and vegetable organisms which exist in water, but as yet it is 
by no means certain always which of those are and which are not 
harmful. Unfortunately these uncertainties are sometimes made the 
basis for belittling or ignoring the warnings of such analyses, and 
frequently at the expense of large communities. The very reverse: 
course would seem to be the wisest and most sensible one. Our 
ignorance in these matters should only breed the greater caution. In 
the absence of better data, we may perhaps go so far as to say that no 
source of supply which is repulsive to the natural instincts of intelli- 
gent persons should be tolerated. The senses of sight, smell and taste 
should always be exercised for our protection in the absence of other 
means, and only the most thorough and conclusive proof that such 
repulsive waters are not deleterious should be sufficient warrant for 
continuing their use. 

In all cases a thorough physical examination should go hand-in- 
hand with chemical and microscopic tests. The latter may be valu- 
able guides as to the character of the water and the proper methods 
of treatment to be adopted, but they can never take the place of the 
former. If there are visible sources of contamination, or even well- 
grounded suspicions that such exist, the failure of chemical analysis 
to indicate any danger should scarcely be accepted as conclusive as to 
the purity of the supply; but, on the other hand, if such analyses 
indicate danger, the source should be avoided, unless the cause of con- 
tamination can be discovered and removed. 

Nothing can take the place of original purity of the source of sup- 
ply. Filtration, aération and all known methods of treatment, when 
applied to purify polluted waters, are at best uncertain in action when 
faithfully carried out, but doubly so under conditions which obtain 
in ordinary operations. Their legitimate province is not purification 
of contaminated waters, but to supplement nature when her work has 
not been effectual. Thus the waters of our red sandstone streams 
often carry a considerable amount of disagreeable sediment, although 
they are otherwise pure, soft and wholesome. Filtration and settle- 
ment will do much to improve such waters, and indeed will often 
render them thoroughly desirable. This sediment has also sometimes 
been successfully precipitated by the use of alum, but this treatment 
also is only desirable when carefully regulated. Again, many streams 
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do not have sufficient fall, and flow in smooth, quiet currents through 
their channels, so that they do not obtain the thorough aération of 
our Highland streams, which boil and tumble over their stony beds. 
There is evidence that such waters may be substantially improved by 
artificial aération. 

Apart from the above considerations, which are mainly sanitary, 
hardness sometimes renders waters unfit for domestic use, and some 
waters may even be so extremely hard as to be unhealthful, but as a 
rule this is not the case with New Jersey stream-waters. Some waters 
also have a decidedly corrosive action on steam-boilers and cooking 
utensils. Some of the southern New Jersey waters are subject to 
criticism on this ground. If the waters are otherwise in all respects 
desirable, however, it is probable that means could be found to 
counteract this action. It is a matter which should have consider- 
ation in the choice of a source of water-supply. 

In almost any section of the State some small streams may be found 
issuing from swamps which have a disagreeable taste and odor, and 
are to be avoided. This peculiarity is one easily detected, however, 
and such streams are, moreover, quite rare. 


CHEMICAL ANALYSES. 

We have had a few analyses made for this report, and to these we 
have added some others previously made by the Survey and some 
from other sources. The purpose is to give a general idea of the 
chemical composition of the various waters of the State in their 
natural condition, and no attempt has been made to make such 
studies as would indicate the presence of sewage pollution or other 
artificial contamination. The conditions of such pollution change so 
rapidly that such studies could not be of permanent value as an aid 
to the selection of a proper source of supply. We have added, for 
purposes of comparison, a few analyses of waters in the neighboring 
States. We have intended that this exhibit should, on the whole, 
form a standard of purity for New Jersey stream-waters better than 
any arbitrary standard which may be set up. We would especially 
condemn the use in this State of any standards which have been set 
up as applicable to less favored portions of the United States, as a 
considerably higher standard may be possible here. We have quoted, 


300 GEOLOGICAL SURVEY OF NEW JERSEY. 


in the third table, however, the standard given by Dr. Albert R. 
Leeds, of Hoboken, the well-known authority on this subject, which 
may be found convenient for general reference. 


ANALYSES OF STREAM-WATERS MADE FOR THIS REPORT, 
BY PROF. ALBERT H. CHESTER. 
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RU Cairee vas auntie atavecsieay aa tactess 1.27; 1.06} 1.65} 1.10); .94) .29 7A) 58 
Oxides of iron and aluminium...| .17 SE ie SMa SIKU Bash nil) aa calls 
Calcium Oxidesn. cecessascorecescsanc| 424 |(a SAO Lavoie 94!) LAS ena LZ eLO 
Magnesium oxide................608 2.03 86) 72} .34) .02) 29 02} .10 
Sulphuric trioxide (S O,)......... i .96 39} .45) 81) .14) .27 oA = ills 
Chlorine tic. nsec ever csas cece 21 220 LO SS) eer OS) ee ley, 03) —.08 
Sodium Chlorides:.,.cs.csccssrae Be oesetlccueenes 100)" COAT asics st, cesealaseeceet |e eee 
Hardness: tits nsceseest cane e 12.12} 6.61) 6.45} 4.60) 4.10) 2.45) 1.23) 1.65 
ica chion iy suse wertansestoten cons acan alk. | alk. | alk. | alk. | acid.|acid.| acid. | acid. 


These samples all taken directly from the streams. 
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SOME ANALYSES OF WATER LARGELY POLLUTED COMPARED WITH THE SAME 
STREAMS UNPOLLUTED. 


Parts per 100,000. 


AMMONIA. < 
Oo 
2 g 
. | & = FA 
= 8 5 5 
a lke is Des igvatty| vistas 
@ Sw g “S oe eee d 
a i|s3/¢ = SM Bl gee ice 
5 Ral le ears ees arse a eg 
st yee et Hes eh SP Ne a ne 
August 31st, 1876. 
Passaic, Jersey City Intake, high tide..| 27.17] 6.29] . AUAISS SL USPAIE cece Gocmendel lossoec 
Passaic, Jersey City Intake, low tide..| 11.15 Rese rsee| teases 
INN CV ASC versa ascvecsenasoesedes=sesssecs 19.16) 4.86) .0116) 0202) 5.076)......1.......0)0c--- 
August 21st, 1894. 
Passaic, Jersey City Intake, high tide..' 23.75) 5.75) .078 | .064 |'7.45 |......|....cceeleseeee 
‘Passaic, Jersey City Intake, low tide...| 14.50] 5.00] .056 | .062 | 2.48 |......J........|...60. 
OC Oe Ee 19.12| 5.37] .067 |.063 | 4.97 |...sc.[essssees|oooee. 
September, 1883. 
Passaic, unpolluted, at Two Bridges...| 8.15)........ ROCOS OUSG pe aCClneaccstranseracl ose oes 
Delaware at Frankford, 1883-5, 17 
Fit 0 (iS aeREN aon cecacaddendagkeand sobOnoCer StS0 lar ewes .0039] .0149) .329] .328) Tr. | .308 
‘Delaware at Byram, 1883-5, 44 sam- 
Tele he eB ocdcccngaodhonacdcode enous son anee 6.88]........| 0028] .0099] .266| 254) Tr. | .315 
Delaware, unpolluted, at Water Gap, 
1883-5, 13 samples.................06+ 4,91)........| 0025] .0105) .227) .239} Tr. | .289 
Schuylkill, Spring Garden Pumping 
Station, 1883-5, 59 samples— 
PAV OLA TE res coe coesorneceonsccnsenesces VOLS) eaanenes 008 |.015 | .523) .389 | .0006] .22 
Max MUimMtcscesscstensscceecsnstscctess TOIOO cess 019 |.031 |1.00 | .80 |.01 | .96 
IMIMIMMUM te eesace ee oenee ou caeense sete 010) rpoonee 0005] .0085! .175| .09 |........ .08 


Norr.—-The Passaic, in 1876, from Geological Survey Report, 1876; for 1894, from 
presentment of Hudson county grand jury, and at Two Bridges, 1883. the average 
of the two analyses from Report of Commissioners of State Water-Supply previously 
given, this water being unpolluted. Delaware and Schuylkill from Dr. Leeds’ report 
to Water-Supply Department of Philadelphia. 


In the first tables of analyses, we have included only waters which 
are not seriously polluted, and, excepting possibly the Elizabeth and 
Rahway rivers, they may be considered pure stream-waters. The 
last table gives waters known to be seriously polluted, and is given 
here for ready comparison, although it will be more fully referred to 
a little later when we consider the subject of stream pollution. 

The first column, showing total solids, is not of great practical 
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importance, although Dr. Leeds thinks that these should not exceed 
20 parts in 100,000. The volatile organic matter represents the por- 
tion of the solid matter which disappears on combustion of the total 
solids. It is a general measure of the amount of organic matter, but. 
not all of this is necessarily deleterious. More importance is to be 
placed upon the showing of ammonia and chlorine. 

Free ammonia.—This is, usually, mainly a product of the decom- 
position of organic matter: A small amount is normal and appears. 
even in rain-water, and this is partly drawn from the air. Any con- 
siderable amount of free ammonia is a cause to suspect contamina- 
tion. By Dr. Leeds’ standard, it should not exceed 0.012 parts im 
100,000. It will be seen that the Upper Passaic, at Hanover, and 
Elizabeth river exceed this in the analysis. We have not recom- 
mended either of these sources after a physical examination, but 
paper mills may be the cause of the excess on the Upper Passaic. 
In our table of polluted waters, it will be seen that the Passaic, at 
Belleville, shows 0.067 parts of free ammonia in 1894. None of the 
analyses of the Delaware approach the limit, but the Schuylkill is 
often much in excess. 

Albuminoid ammonia.—This represents animal and vegetable mat- 
ters present in the waters and in process of decomposition, by which 
process free ammonia is produced, consequently it is more to be 
dreaded than the latter, as at certain stages of decomposition such 
matter becomes very dangerous to health. Dr. Leeds’ limit is 0.028, 
which is exceeded only in the case of Elizabeth river and some 
streams which we know to be seriously polluted—the Passaic, at. 
Belleville, showing 0.063 and the Schuylkill sometimes as high 
as 0.031. 

Chiorine.—This is not only an accompaniment of sewage pollution, 
but is a measure of the amount of such pollution, although not 
always of the danger to be apprehended therefrom. A certain 
amount is normal, and in order to make the determination of chlorine 
of the greatest value it is necessary that this normal amount be deter- 
mined. This has been thoroughly done in Massachusetts by the State. 
Board of Health, and is shown by a map in the report of 1890. For 
the western half of that State, it does not exceed 0.10, and eastward, 
to within about 25 miles of the ocean, increases slowly to 0.20, but 
nearing the ocean, it increases rapidly to about 0.65, which is even 
exceeded in a few cases. Dr. Leeds gives the maximum allowable at one 
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part in 100,000. In general, our streams of known purity do not 
exceed 0.30, and there is no increase observable in southern New 
Jersey stream-waters nearer the ocean. In fact, all southern New 
Jersey waters seem very low in chlorine. Studying the amount of 
chlorine shown and keeping in mind what we know of the principal 
sources of pollution and the relative populousness of the water-sheds, 
this appears to indicate closely the relative purity of the streams of 
the State. 

Of the polluted waters, the Passaic shows about 5 parts in 100,000 
at Belleville. The very large amount shown at high tide is un- 
doubtedly due to sea- waters, but even at low tide it is seen to be much - 
more than is admissible. It is also interesting to observe that the 
unpolluted Passaic at Two Bridges shows only 0.4 part of chlorine. 
It may be well to state here that the comparison of these three sets of 
analyses of the Passaic seems to be perfectly fair, as they are all at 
about the same time of the year, and all made during a low stage of 
the river. The figures given at Two Bridges are the average of the 
Pompton and the Upper Passaic, two streams of about equal size, 
which meet here to form the Passaic. The Schuylkill shows an 
average of 0.523, and a maximum of one part chlorine, and we may 
remark, with respect to the Schuylkill, that it is fairest to compare 
the maximum figures with the figures for the Passaic, which are 
probably about a maximum. It is interesting also to note the steady 
increase in the amount of chlorine in the waters of the Delaware as 
we descend the stream. 

We cannot do better, in this connection, than to quote the remarks 
of Dr. Leeds as to chlorine in the Philadelphia report : 


“ Every increment of sewage to the waters of a flowing stream is 
represented by a permanent increase in the percentage of chlorine. 
On the other hand, such increments may not be represented by a per- 
manent increase in the organic constituents, the latter being repre- 
sented in the analyses by the ammonia, nitrogen acids and oxidizable 
organic substances. Instead of an increase, the factors representing 
the organic constituents may actually diminish in amount. They in- 
crease when the processes of natural oxidization in a flowing stream 
are inadequate to cope with the burden of sewage, whilst they 
diminish (even though the absolute quantity of sewage added is very 
large) when the reverse is the case. But in either event, the per- 
centage of chlorine goes on steadily increasing.” (Report of the 
Chief Engineer of the Philadelphia Water Department, 1885, page 
386.) sf 
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It is apparent, therefore, that the presence of chlorine in more than 
normal amount is sufficient cause for the rejection of a water in case 
the source of pollution cannot be removed, if we do not care to take 
the chances of trusting to oxidization and purification of streams thus 
polluted. 

Nitrates and nitrites—Pollution by sewage being practically the 
addition of nitrogen compounds to the water, the process of purifica- 
tion of this water consists of the oxidization of these compounds, and 
when this process is completed they become nitrates. Nitrites indi- 
cate that this work of purification is in progress but is not complete, 
consequently their presence is a more serious matter than that of 
nitrates. 

Sulphuric acid.—This is not particularly injurious, but its presence 
is a matter of interest to the users of steam-boilers if it is in any 
considerable amount. 

Lime and magnesia.—If these are present to an amount exceeding 
4 parts in 100,000 the water is hard, but if less than this it is con- 
sidered a soft water. In some instances our analyses show the hard- 
ness of the waters. The only cases among the pure stream-waters 
where the hardness seems to be appreciable are the Pequest and 
Rahway. The Highland streams are all remarkably soft waters, 
and those of southern New Jersey are apparently as soft as rain- 
water. 

Those who wish to study the subject of chemical analyses of stream- 
waters and the results of some of the latest and best work therein, 
cannot do better than consult the labors of Prof. T. M. Drown, in 
the Reports of the State Board of Health of Massachusetts, to which 
we acknowledge indebtedness. 


STREAM POLLUTION. 


While most of our Highland streams, those of the Kittatinny val- 
ley, the Delaware above Trenton and the streams of the Tertiary 
plain, are as yet unpolluted, it is evident that many of them are now 
threatened with sewage pollution, and they will not long remain in 
their present purity unless the small towns along their courses are 
restrained from using them as an outlet for sewage. In the High- 
lands, we have the following places which are at present most to be 
feared: On the Ramapo, Suffern and Tuxedo Park, in New York. 
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The latter already has a small sewer emptying into the stream. On 
the Pequannock, Bloomingdale and Butler together form, practically, 
the only threatening center. On the Rockaway, Boonton may be 
disregarded, as any supply from that stream should be, and readily 
could be, drawn off above this place, but above this we have Rock- 
away village and Dover, the latter of which, at least, is contem- 
plating sewerage. Port Oram and Hibernia are both mining towns 
and are not increasing in population. While they should not be 
ignored, they do not threaten serious pollution. On the Upper 
Passaic and Whippany, we have Morristown, Madison, Chatham and 
Summit, all of which are growing quite rapidly, and these, with 
Boonton, threaten the Passaic above Paterson. On the Musconet- 
cong, Hackettstown has a water-supply, and it is probable that some 
trouble will be caused from sewage in the future. Kittatinny valley 
‘streams are threatened by Washington, Belvidere and Newton, but 
not to any serious extent at present. 

While at present the Delaware above Trenton appears to be a 
wholesome and safe source of supply, the fact must not be disregarded 
that on the portion of the river below Easton and on the Lehigh 
there is a large city and town population supplied with water, and 
while not many of these places are at present sewered, there is little 
doubt that they will be in the near future. The following table gives 
the population and the amount of water supplied to these towns. 
Although we do not wish to be understood as measuring the danger 
from pollution directly by the amount of such pollution, the proportion 
of sewage to the whole flow of a stream is nevertheless strongly sug- 
gestive and helpful, especially if we remember that this dry-season 
flow does not increase, while the amount of sewage increases, as a 
rule, more rapidly than the increase of population, which, for the 
towns we are considering, is about 30 per cent. in each decade. The 
average flow at Trenton during the driest month is 880,000,000 gal- 
lons daily, so that the proportion of sewage of these towns, measured 
by the water-supply of 1890, to the whole flow of the Delaware 
during the driest month, is about one part in 90. It is apparent, from 
the table, that the worst pollution on the Delaware above Trenton is 
at the mouth of the Lehigh. On account of the numerous rapids, 
conditions are favorable to oxidization and purification, and the river 
must gradually improve below this point, as the additional amount of 
sewage received is insignificant. Above Easton, the Delaware is, and 
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promises to be for some years, all that can be desired for purity. 
The population of the water-shed above Lambertville is 59 per 
square mile and above the Water Gap it is but 32 per square mile, 
The Lehigh alone has a population of 120 per square mile. 


TOWNS ON THE DELAWARE ABOVE TRENTON WHICH THREATEN POLLUTION. 


Population, Water-Supply. 
1890, Gallons Daily, 1890.* 
Lambertville, N. Jiec....-scccs-sscscecseanensnecsoereseasscesone 4,142 500,000 
Hackettstown, Nid.....2.s0csccccssseestotnuncassoscesessrerase 2,417 100,000 
Washington, N. J.........-cse-cnsccresencseeecrescsssereeeens ies 2,834 100,000 
Phillipsburg; N.Ji......0.scccesviscoccawestavacevccsoanssereonse 8,644 300,000 
IBIAS COM a ede castsse towne ee ROSS OR CEE SUD SCR ADGRe AaGEODE CcKISGBeC: 14,481 1,500,000 
SoutMpbastOnya-aisncadsestwertsereadsrnestarses-(cslessisascnsicne 5,616 40,000: 
Bethlehem Pav.sectacsas+<cesacteeacesncacs Hed ovabistiocs <a dee sees 6,762 650,000 
Southebethlehem, Piarcssss-c-csecersonenses:teaeeeccsssassen=s 10,302 700.000 
West Bethlehem, Pa.c.......c.sccvussessetesoensresewerscenre 2,759 ; 
PAlentowinep baccsa-sacacedeestanaes cesuectteersmacssenusnscesanses 25,228 2,400,000 
Gatasamgqua, Pa..<....cocescscecee ersereersencepesecewecsene isoaes 3,104 50,000 
Slatington, Par..c..esscosce-cesearsesecaescerrerceyeeonsnsenersess 2,716 324,000 
ele hton se amresancaereneerese=- Sine Geessiusdedemeanieaencess 2,959 200,000 (est.) 
Mauch Chunk and East Mauch Chunk, Pa............... 6,873 490,000 
TLAZOLLOMN (Ant Op wpkraiaereceasciteser etree aiee beveas steers teeta 8,000 350,000 
Tota], Lower Delaware and Lebigh............... 107,437 7,704,000 
BelvicleresaNalcassacseocurscavtersccestesecutiecannecasearcdes 1,768 200,000 
Stroudsburgh and East Stroudsburgh, Pa ..............06- 4,238 6,000 
Dil fond sukastcosneesteenemer sce -scavediorsrwcesehepisaewarerancns 793 60,000 (est.) 
Orbe eKvis,e Nip ives ecctaacccneccenssasserssieracstsssaacss sation: 9,327 1,200,000 
(bfonesdall 6s tleaeresscteacsasccssoseseenc TRoGnARagSCIDOUCOREDGS200 2,816 100,000 
Weposite Nem Vevenncyentcssecssscnenenesceeeseatr canst qaresenacclars 1,530 300,000 
De lTONGN ae vassessecsclesssecsesveccstuceceteaenece tents 1,564 100,000 (est.) 
Total, Delaware above Haston.. .... ......seceee0 22,036 1,966,000 
Total, Delaware above Trenton.............scssecee 129,473 9,670,000 


On the Delaware below Trenton conditions are much more serious. 
Trenton is now being sewered, and measuring the sewage by the 
average amount of water supplied during 1893 it will amount to 
5,610,000 gallons daily, and the population is increasing at the rate 
of 60 per cent. every ten years. The flow of the river during the 
driest month at this place is 880,000,000 gallons daily, so that, disre- 
garding the sewage received above, which may be considered as all 
oxidized at this point, the Trenton sewage will amount to 1 part in 
157, or at the very lowest stage of the river 1 part in 120. 


*¥From the Manual of American Water-Works, 
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Including all towns from Trenton down to the mouth of the 
Schuylkill, and those on the Schuylkill up as far as Norristown, we 
find a city population of 1,240,000 by the census of 1890, which is 
increasing at the rate of over 25 per cent. in 10 years, and the vol- 
ume of sewage, measured by the water-supply in 1893, is not less 
than 200,000,000 gallons daily, while the average flow of the river 
during the driest month is not over 1,283,000,000 gallons daily. 
The sewage is therefore about 1 part in 6. It is apparent that the 
condition of the water above Philadelphia, in the Delaware, will be 
much worse during the flood than it is during the ebb tide. It would 
also seem that in a deep channel such as this, with a smooth, quiet 
current, the opportunities for oxidization must be limited. The 
preservation of this lower portion of the Delaware in a sufficiently 
pure condition to serve as a safe source of water-supply would appear 
to be hopeless. As in the case of the Lower Passaic, little more can 
be hoped for than to reduce the pollution below the point where it 
will render the stream a nuisance to the surrounding district. It 
should be remarked that the condition of the Delaware is now much 
worse than it was 10 years ago, when the analyses were made which 
we quote in our table. 

The streams of the red sandstone plain northeast of the Raritan 
are also for the most part becoming rapidly contaminated. The 
worst case is that of the Passaic below Paterson. In our table of 
analyses of polluted streams we gave results for 1876 and 1894, both 
in August, at Belleville; and also for the unpolluted stream at Two 
Bridges early in September, 1883. As these were all times of low 
water the comparison is a fair one, and taking the average for high 
and low tide in 1876 and in 1894 the effect of increasing pollution is 
apparent. The total solids appear to be about the same, but the 
latter analyses show a larger proportion of volatile organic matter. 
Even at low tide the total solids exceed those at Two Bridges by 50 
per cent. Between the two dates the river at Belleville shows an 
enormous increase in both free and albuminoid ammonia. The 
chlorine appears to be about the same, but it is probable that this 
indicates a larger proportion of unoxidized sewage only, and that the 
river has reached its limit of capacity to purify itself. It is quite 
evident that the danger of using this water is now many times greater 
than when it was first condemned in the reports of the Survey, in 
1876. It is interesting, in this connection, to show the population 
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and extent of the district from which this pollution comes. This is 
done in the following table, which shows further the percentage of 
increase in population and the total volume of sewage as measured by 
the figures of water supplied during the last year : 


SOURCES OF POLLUTION OF THE LOWER PASSAIC, 


Area in Per cent. Water Sup- 

Square Population, Increase, plied—Million 

Town. Miles. 1890. 1880-1890. Gallons Daily. 
IN GWaALK fescnccseece sens 21.00 181,830 33 21,100,000 
East Orange.......... 3.90 13,282 59 1,500,000 

Bloomfield............... 6.73 7,708 35 

Oa e erase csccac cesses 2.14 18,844 43 1,500,000 
Montclair .....cerssseees 6.18 8,656 69 200,000 
Bellevillerseccsacceenene 2.93 3,487 UC bee ecopdnnaunnn 
Isha bl@eancorrjocus ono: 3.49 2,007 Ws) V6 ohare deinenicec 
PASSAIC acveee<Cusekeaninse 3.24. 13,028 99 1,400,000 
Acquackanonk,......+. 11.34 2,562 aU) @ pecocacdarhonte 
Palerion a.cueone-4 8.47 73,847 54 13,000,000 
ETanrisOitecesessvessereae 131 S338 gal weieeexs 600,000 
IR CAPAY disci ccerete. 10.28 Us eee 196,500 
81.01 340,153 42 39,496,500 


Tt will be seen that this district has an average population of 4,200 
per square mile, and that it covers an extent of 81 square miles, 
mostly between Passaic river and the crest of Orange mountain. It is 
not only nearly all sewered, but the slopes are steep and every facility 
is offered for surface drainage to the streams. As the average flow of 
the river during the driest month is 120,500,000 gallons daily, the 
above sewage represents one-third of the whole flow, which is truly 
an alarming condition. Even if we exclude Newark entirely, it will 
be seen that pollution amounts to about one part insix. Further- 
more, it often happens in an extremely dry period that the whole 
flow of the river is retained in the ponds above Paterson for a period 
of thirty-six hours, which greatly aggravates the conditions in the 
lower channel. It will be seen that the conditions are quite bad 
enough to account for the results indicated by the analysis of 1894, 
and that any attempt to preserve the purity of the Passaic below the 
falls in a sufficient measure to render it a safe source of water-supply 
will be a vain one. Indeed, it will be found necessary in the near 
future to conduct as much as possible of this sewage to Newark bay, 


THE PASSAIC BELOW PASSAIC BRIDGE. 
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thus relieving the river channel, as a measure of health to this popu- 
lous bordering district. 

It may be laid down as a rule that, especially in the red sandstone 
district, but generally everywhere in the State, the preservation of 
any water-supply drawn from the tidal portion of our rivers will be 
an impossibility. 

All of the red sandstone streams are in more or less danger of con- 
tamination, but the streams of the Tertiary plain are not only 
naturally protected from serious pollution, but there are very few 
centers of population above the head of tide to be guarded against. 

While it may not be wise to attempt to redeem these wholly-pol- 
luted streams, there is abundant necessity that steps should be taken 
to guard the choice gathering-grounds of our Highlands. These are 
pre-eminently the sources to which we must look for the future 
water-supply of the State, and the time when they will all be needed 
is apparently not half a century distant. Indeed, they are already 
coming rapidly into use, and to allow them to be contaminated from 
the threatening sources which we have called attention to will be 
unpardonably short-sighted. 


VALUE OF ELEVATION OF THE SOURCES OF SUPPLY. 


If the source of a water-supply lies high enough to deliver the 
water to a city by gravity a very material saving is effected, amount- 
ing to the cost of pumping. This varies with the duty of the 
pumps, the cost of coal and with the amount pumped, being less for 
large than for small plants. The city of Philadelphia pumps all its 
' Jarge supply and keeps careful records of the cost of operation, which 
will give us a good idea of the average cost for recent years for large 
plants.. From 1887 to 1893, the average cost of pumping by steam- 
power amounted to $3.89 for each million gallons raised 100 feet. 
For greater lifts the cost will be proportional. This cost includes 
labor, fuel, supplies and repairs, but nothing for depreciation, interest 
on cost of plant or taxes. The average quantity raised during these 
seven years ranges from 60,000,000 to 150,000,000 gallons daily. A 
portion of this supply was also pumped by water-power, and for this 
the average cost was $1.21 for 1,000,000 gallons raised 100 feet. 
The total cost of pumping for 1893 was about $356,000. Jersey 
City, in 1891, expended $149,465.48 for wages, fuel, supplies and 
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repairs in pumping the supply of that city from the Passaic. Appar- 
ently the cost here was not less than $9 per 1,000,000 gallons raised 
100 feet, although we have not the exact figures. The amount 
pumped was about 21,000,000 gallons daily. During five years, or 
from 1889 to 1893, the average cost of pumping at the New Bruns- 
wick water works has been $4.46 for 1,000,000 gallons raised 100 
feet, 69 per cent. of the water being pumped by water-power and 31 
per cent. by steam-power. The quantity pumped ranged from an 
average of 1,250,000 to 1,500,000 gallons daily for each year. 

In general, it is probably safe to assume that the cost of operation 
of a steam pumping plant will not be less than $5.50 for each 
1,000,000 gallons raised 100 feet with good modern machinery and at 
the average cost of coal during the last five years. The actual cost 
of pumping throughout the State is very considerably in excess of this. 

We may assume that the water will be required to be raised a 
height of 200 feet, including friction in the mains. It will therefore 
cost for a pumped supply about $11 for each 1,000,000 gallons con- 
sumed, or $4,020 per annum for each 1,000,000 gallons daily. Other 
things being equal, this will be the value of a supply by gravity over 
one which must be pumped. 


HIGHLAND WATER-SHEDS THE STATE GATHERING: GROUNDS. 


The results of our studies will be seen to be that the Highland 
water-sheds are the best in the State in respect to ease of collection, 
both because of facilities for storage and a smaller amount required 
for a given yield ; in geological and topographical features favorable 
to purity; in scantiness of population, which in general shows a ° 
tendency to decrease; in elevation, sufficient to afford a gravity 
delivery, and in actual softness and purity, as shown by the results 
of the chemical analyses. We cannot too strongly enforce the 
remarkable excellence of these gathering-grounds and their peculiarly 
favorable location close to the great urban population of our north- 
eastern counties. In addition to the advantages already enumerated, 
these water-sheds lie at sufficient elevation to furnish water to the 
remotest town of the State without pumping. The following table 
shows the water-sheds included in this district, the elevation at which 
the waters may be drawn off, their area in square miles and their 
supplying capacity with storage: 
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HIGHLAND WATER-SHEDS ABOVE 300 FEET ELEVATION. 


- Drainage. Supplying Capacity. 
Streams, Elevation. Square Miles, Gallons Daily. 

ARAMA Ober ceahnaiiessonenetanssente 300 134.5 89,600,000 
WV ARAL Ckeressesiecascarmessss 300 87 58,000,000 
IRequannock.c.r. svenaaseeuscetes 370 82 54,700,000 
HVOCKA WAY) concn--tosercarsceccsces 480 118 78,700,000 
Wipper vPassalcrneteetenu sree 300 9 6,000,000 
Raritan, North Branch........ 400 17 11,300,000 
Avaminctonia-s ae ccesaceneteneeees 600 31.4 21,000,000 
Rockaway creek.........000..06 400 12.5 8,300,000 
Raritan, South Branch........ 500 50.5 37,000,000 
Mbusconetcong).sscs..sssseeecre ee 400 122.4 81,600,000 

neces 669.3 446,200,000 


In this table we have given the proper elevation for a good practi- 
cal development of the whole water-shed in each case, being nowhere 
less than 300 feet and higher where no considerable loss in the area 
of the gathering-ground would result by such increase. All of the 
Passaic headwaters may be drawn off at 300 feet or higher, and 
those of the Raritan and the Musconetcong at 400 feet or higher. 
By a proper system of development, these available gathering- grounds 
could be made to supply every city in the State by gravity with all 
the water needed during the next half century, if we estimate the 
fature increase in demand to be proportional to the increase of popu- 
lation during the past twenty years. 

The land included in this area is, as a rule, more available for 
forest culture than for agriculture. The percentage of cultivated 
land is small, and a large portion can never be tilled. In fact, there 
is no tendency to increase the amount of cleared land, and in the past 
a considerable amount of such land has been allowed to again grow 
up in forest. We have seen that the streams are at present entirely 
unpolluted, but are beginning to be threatened. 

When the above supply shall be exceeded, our cities will be com- 
pelled to look to the Delaware, but the ease with which the Highland 
district may be guarded from pollution, as compared with the Dela- 
ware, which lies in three States, is very marked. 


OWNERSHIP OR CONTROL OF SMALL WATER- SHEDS, 


We have already called attention to cases in which it may be 
desirable for communities to own outright, or otherwise thoroughly 
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control, the gathering-grounds of their water-supply. The large 
number of communities in the northeastern part of the State, and in 
general those upon the red sandstone and clay and mar! regions, will 
find this course often not only the most secure, but the most econom- 
ical. The average distance from the populous northeastern section to 
the unpolluted and comparatively unthreatened water-sheds of the 
Highlands may be taken to be 20 miles. Even if they go to this 
distance, they have at present no assurance that their supplies will 
remain uncontaminated. Let us assume a community wishing to 
provide for a future population of 20,000. We have seen that, with 
storage, streams of the red sandstone district and southern New 
Jersey will easily yield 12 inches annually, or 570,928 gallons daily 
for each square mile of water-shed. The average demand of such a 
community as we have assumed is at present 60 gallons per capita 
daily, and this would appear to be sufficient for ordinary use in 
inland towns, so one square mile will furnish water to 9,500 persons.. 
In other words, for each 1,000 of population 67.4 acres will be neces- 
sary, and our community of 20,000 population would require 1,348 
acres to be purchased to secure the entire control of their gathering- 
grounds. If we assume this to cost $100 per acre, the total would be 
$134,800. To bring this water from a distance not less than 12-inch 
mains would be needed, which would cost, exclusive of the right of 
way, about $6,500 per mile, or $130,000 for our assumed distance of 
20 miles. When we come to add to this the cost of right of way, it 
will be seen that a saving of 20 miles in distance will very much 
more than pay for the purchase of the gathering-grounds near at 
hand. It would not even always be necessary to purchase the entire 
area. The end would be accomplished by securing the portion along 
the streams and keeping the same in forest or grass. In this way not 
more than one-half the above cost would be necessary, or the same 
outlay might be applied to control a larger supply to allow for future 
increase. 

In some cases such areas might be utilized for parks, or there 
might even be an income derived from them by leasing as game pre- 
serves, or for forest culture or other uses not inconsistent with the 
preservation of purity of the supply. There are many areas within 
the red sandstone region which would, if treated in this way, yield a 
highly-desirable supply of water entirely free from the characteristic 
red mud, which is largely the result of the exposure of bare or culti- 
vated surfaces. There is no other plan of obtaining a supply which 
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offers the same security as this from future pollution. Many small, 
gravelly water-sheds in the clay and marl district are equally well 
adapted to such treatment, and it offers a solution of a problem which 
for our smaller communities threatens to become a perplexing one as 
population increases, and they are forced to abandon their near-by 
sources of supply. 


PUBLIC WATER-SUPPLY SYSTEMS OF NEW JERSEY CLASSIFIED BY SOURCES. 


Northern Streams by Gravity. 


a a vs 
g 3 = 
2 2 E 
3 Ba A 
TOWN. STREAM. a oa 2 REMARKS, 
te} retest = 
Gel O83 ® 
e e I 
Bo ney eS 
BS | as : 
or 1 i) 
Newark Pequannock..........| 181,830 | 20,100,C00 |None. 
Orange...... R&B WAY ccccccccevsasses 18,844 ,650,000 |None. 
Morristown... veel DDELNGS cccavevtesceccesye 8,156 350,000 |Strained. 
DOV Clieevesesevurs SShevecn ves SOME: cccctencessussers 4,000 60,000 |None. 
State Insane Asylum, ; 
Morris Plains.........00. ee FDO OEE 1,350 250,000 | Filtered, 
Lambertville ... Swan’s creek ......... 4,142 200,000 |None. 
Washington..... ...|Brass Castle creek...) 2,834 *100,000 |None 
Hackettstown . Pa DUM CSionmesseeterescccee 2,417 *100,000 |None 
Bound Brook... Middle brook......... 1,462 100,000 |None 
Pennington... sees |SPTIDYS .2eceeeeeee 700 TESTO). Nessonacnodeeatn 
WLS PV OLE, oe eteecesseks as <cavscs 100 OOO Wa peeces pasesstre 
Motal Gravity SUpPlyc--c-ac-csenreesnesesccencss 225,835 | 22,930,000 
Northern Streams by Pumping. 
WP OWOK CN ccccesseetsase cesses | HLACKENSACK. ..s.ccses ASIGIS alinceccasscvasercts leeesterosesers 
West Hoboken.... ti oa 11,665 ..| Combined. 
Union town......... es 10,643 ..|Supply by Hacken- 
Hackensack .... s 6,004 sack Water Co.,. 
Englewood...... OG 4,785 Re-organized. 
Rutherford ............ $¢ 2,293 
North Bergen... ss 
Guttenberg ...... 
Weehawken.... S 
MIGSONCTA ss esccccessaccsases 


POTSCY, Cit Yiicsseesisancossreses 
Bayonne..... Re 

Harrison. 
Kearny 


POTOTSOW crcccesesasscenncccave 
East Orange.. 
Bloomfield. 
Passaic 
Rahway ...... 
Somerville.. 
Raritan..... 4 oo 
Flemington.........ccscceres 
State Insane Asylum, 

PPREMUOMEssesceecesesssoes 
Nutley......... 
Blairstown 


ae Springs... 


.../Rahway 


Passaic 
oe 
“ec cs 
+e 


ereeeee 


seaeeenseeeecoves 


Total Pumped from Northern Streams..| 421,845 


* Estimated. 


23,000,000 
13,000,000 


1,500,000 


1,400,000 
1,000,000 


800,000 
100,000 


47,845,000 


None. 
Filtered. 


Filtered. 
None, 
None. 


None. 
None. 


Unsatisfactory. 
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PUBLIC WATER-SUPPLY SYSTEMS OF NEW JERSEY CLASSIFIED BY SOURCES—Con. 


Delaware River by Pumping. 


a os | B 
e | 8 2 
3 e | E 
5 QS 
TOWN. STREAM, = q S & REMARKS. 
8 as a 
3 5 & i} 
Bs bm | 1 
as a8 3 
oars AA = 
ae Sh eae Dela ware.....ccereecee eb Bs Bet eke Unsatisfactory. 

TENTCON,....0000 : oe ae A 5610, one, 
oe Ss Phen Pa Lae Infiltration wells. 

urlington .. oe 7,264 400, one. 

Bordentown a 4,282 Ges pays Unsatisfactory. 
elvidere ce 1768 200, one. 
Beverly.. ME cccosates bf 1,937 300,000] None. 
Riverton Palmyra.. © 3,000 150,000} Filtered. ea tte NO infil- 
a ration well, 
Total from Delaware,............-ssecevcseeee| 142,686 17,210,464 
Southern Streams by Pumping. 
Ben erunayack Teyenes 5. prooes mors 1,521,097} None. 

e mboy ..../Tennent’s brook.... 512 ; 
South Amboy............. “ 4/330 1,100,000) None. reread 
Bridgeton ...<ccccssscecsesens Bast IaKeccccesssnsvss 11,424 500,000; None. Also wells. 
Millyille.. «| Maurice river......... 10,002 500,000} None. 
pone Branch... ‘ Whale Pond brook, pat it pened. oft Beach 

ount Holly ..|Rancocas.....-. coher 13 225, one also. 

WWOOGDURY: cjsesscesccceuecees Mantua creek, 3,911 225,500) None. 
Moorestown.. soonee| PeDSauken ..... 2,500 135,000| None. Unsatisfactory. 
Haddonfield. »-|Cooper’s creek........ 2,502 75,000} None. 
Lakewood..... eee pence: bascvores |e; 000 280,000} Filtered. 
Merchantville.............. Springs... aeeetas 1,225 150,000); None. 
State Reform School.... mee | 500 40,000) None. 
WOON Db  cccscscresacactees fe 500 25,000) None. 
Total from Southern Streams .............. 79,616 5,776,597 
From Open Wells. 
| 
8,656 | 200,000)..... ctahiewaned 
ae 150,000)... ..| Also tube wells. 
we 450,000] .......s00/Also a tube well. 
? ae spa0 enous 
aily to South 
Cape May City... beac Oe aes daca 2,136 580,000 Cee: 
Madison .......... *2,000 150,000)... 
Princeton... s 3,422 75,000)... ' 
Lawrenceville SCi00)..| sccccsrececcccsccccce ccc, eeeneee enemies 15,000 
26,967 1,540,000 


* Estimated. 
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PUBLIC WATER-SUPPLY SYSTEMS OF NEW JERSEY CLASSIFIED BY SOURCES—Con. 


From Tube Welis. 


qg iy Hy 
E 8 3 
= a ES 
zc) da & 
TOWN. STREAM, eE-| ° REMARKS, 
a no ~ 
& aa qa 
Fe) On 2 
& © &0 q 
Bo Be | S 
eS 32 2 
a2 Ag a 
PPT RINGO] Acie ccecscsensecuscers vencaevcestacccsepnccvesessens DU26 7s il cevavesesensivecses||(vecerese Peerees Wells at Nether- 
Westfield *2,000 wood, part of sup- 
OTANLONG RN rccsacesctsseseesins #1,500 ply to Elizabeth. 
14,767 1,603,000] None. 
GIOUCESTED....022- sseccoseeees 6,564 1,000,000; None. 
(SEMIS ae Sere oacernns 5,516 350,000} None. 
Asbury Park *5,000 650,000| None. Summer resort. 
Vineland ............ oo 3,822 *100,000| None. 
IKCV POU itscsesieeetsoes ececbrsll se 3,411 50,000) Filtered. |New works. 
ITPCCDOIG: «+. ccosssscccnecccsse 2,932 120,000} None. 
Ocean GLOVE. .........000000]- Seeeasrs) 2,754 500,000| None. 24 wells. Summer 
resort. 
Atlantic Highlands 945 215,300 | Filtered. |Summer resort. 
WOoOOdStOWD.......ecssseeeee| eee 556 50,000) None. 
BROTH HAG iiviecesccccsseecss||(ece ees *500 200,000| None. 
OCEAN City, ...s6c.c.cyecccase| coves 452 100,000} None. Summer resort. 
BOD DUIS IT crccctecescsvsucerss'|lcsvoqeccsnsn sraccohesatenesses ¥*700 £00,000) i anscssseessaeo 
Total from Tube Wells........ceccseeseeecees 47,919 | 5,038,800 


From Combined Sources. 


Nescaraesactes Inpaecon creek and 


Atlantic City 


tube wells........... 13,055 4,000,000; None. 
HVIZADEtH .. 0... seecse see eeeees Elizabeth river and 
tube wells........... 37,764 3,500,000| Filtered, |River-waters only 
SS SSS filtered. 
50,819 7,500,000 
* Estimated. 
SUMMARY. \ 
Population. Daily Consumption— 
1890. Gallons. 
Northern Streams by Gravity.......0....00 225,835 22,930,000 
Northern Streams by Pumping.............. 421,845 47,845,000 
Delaware by Pumping...........-.-seeerseeees 142,636 17,210,464 
Southern Streams by Pumping.............. 79,616 5,776,597 
1Dyeopen, Oyoxsial \WVEI Biking ncanenachocacodcnspanconaes 26,967 1,540,000 
From Tube Wells............ Cavoaoonacon0g00® 47,919 5,038,300 
From Combined Sources.........-..0+ Susttes 50,819 7,500,000 
Total for the State.......... Soneasceererss 995,637 107,840,361 
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DAILY CONSUMPTION BY -WATER-SHEDS. 
Gallons. 
Hackensack Water-shed.......cesesscesercscrseseserseseenereeecens 6,900,000 
Passaic Water-shed above Paterson...........seeeeseeseceseeeenee 34,910,000 
Passaic Water-shed below Paterson...,.....---seesseeseererensere 28,100,000 
Delaware above Trenton.......esecesescssceccssenrcerersccsseroseees 6,110,464 
Delaware below Trenton.......csseccsscescevecscessevsesereceseoves 11,100,000 
WORKS IN PROGRESS OR PROPOSED, ETC. 
a 
et 
TOWN. SOURCE. Ss REMARKS. 
e 
Ay 
BOOHLOMancasesrscserecssrenresssercsn= Stony brook........ 4,500 |Under construction. 
TIS yAkO Mocs pagoaedecenucenoceoocococecuec Morris pond........ 3,008 |Under construction. 
(EHIRES XO CO tnacneop ee eo phe naec! dco spbea | [HocaocubaccodnoocHO600nc *2,000 |Proposed. 
FHightstOwM ..occcssssesesrsceserereees|iercovccrecsconcesoeroes 1,875 | Proposed. 
Cay tOM..-.cccccssadssercessceosrcessess||canssceennnsq-+sesesosse 1,807 | Proposed. 
TR in3) Ko les Aner monneraccoctinuadeccuccadslusapaugrudodunoraosoad *1,800 |Under construction. 
Figg Harbor City......c.ssccerccrnee| sssecrscseescereesennoes 1,439 /|Contract given. 
Weekertowinutssccsrssnncccotseteeeliteeesdecsee ss emacnanees 900 |Proposed. 
PembertOmec.c.«sossversseevss ssonsctenlse-eomeescccuacecesasecs 834 /|In progress. 
oral) 12) AER nazesccaneneaaehconbo09|| bsecbosonog uct entcocogs 800 |Proposed. 
Seaslsloi City. sescoscsunecesseentens'ee lpastsesestesenessmasee ces 766 | Proposed. 
AWS OO Gs sea chor asennacooceeoseZn [locas onpedcncnantogadoot 500 |Franchise granted. 
MO tall aevaen wears sean eae sea taee es eee ecole hosetearecutees ess 20,224 


* Estimated. 


The above tables are prepared from answers to inquiries directed 


to the proper authorities in each case, and are quite complete. 


Ina 


few cases, where no response was received, the consumption was esti- 
mated from the reports in the Manual of American Water Works, 
compiled by the “ Engineering News.” ‘There is at best a wide range 
in the accuracy with which records of water-supply are kept, ranging 
from none at all to the most accurate statistics. 

In 1882 this Survey made a similar canvass, the results of which 
were published in the report for that year. From this and the above 
table we have compiled the table following, which shows the growth 
of the public water-supply of the State for twelve years. We have 
estimated the population supplied in each case from census returns 
and the rate of increase shown thereby, and the result is probably 
fairly close to the truth. This table enables us to examine the 
changes which have taken place in this interval, which has been one 
of the greatest activity in the introduction of public water-supplies : 
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INCREASE OF POPULATION SUPPLIED AND WATER CONSUMPTION. 


Twelve Yeurs. 


1882. | 1894. 


& Ep 
TOWN. S Q : : ro : 
36 Be of s Zé Be eS 
eo mR a et od nse *S. 
SB S 3 S is & oS 
aS Pa © ae ine 2 
aS sy, = oo Fs BR "3 Sb 3 
no S o NO Ss o 
aa [aia AY coi A | Ay 


Jersey City and townssupplied..| 127,965] 15,921,742) 124|| 222,108) 28,000,000| 103 


INGWalKrcsccir-asetsosseiessenccsess 144,698} 10,000,000; 69]| 204,558) 20,100,000} 98 
PatersOmwetcs sccrereontes teense 56,134! 6,000,000} 107 94,016} 13,000,000; 138 
EFobokenteroulpsccesaaecesate tesa. *37,714| 4,050,000, 108)) 105,601) 6,900,000) 66 
CAI OM ost secs sacs eatecwacsnereeress 44,574| 4,500,000, 101 67,059} 10,000,000) 149 
PUPEMLON ccs eostSenatenscoetsotertens $40,651) 1,275,585) 31 74,695| 5,610,464| 75 
AB IZA CTA cone casstacccesccstecsesses 29,922} 2,000,000} 67 42,109} 3,500,000} 83 
East Orange and Bloomfield...|............ INO esnone 25,188} 1,500,000} 60 
MOTAIE Checsscncecusesswaresvetececes| eececeserers IWO@MES.__ leestar 21,670; 1,650,000) 76 
New Brunswick.....scscsccccsccees 17,422) 1,000,000; 57|) £19,161) 1,521,097) 79 


‘Towns of less than 15,000 in- 
habitants normally supplied . 262,374) 2,796,279) 45|| 143,416] 8,545,500) 60 
All other towns...<....2.002..00- .| 26,206] 1,379,800) 53]; 104,922) 12,513,300) 120 


Total ste cece: 587,660] 48,923,406] 83||1,114,403)107,840,361| 97 


*JIncludes Hoboken and Hackensack only. 

+ Includes Chambersburg, annexed later. 

t A police census in 1894 gives 20,338. 

Z Including only those in . which the use of water has become general, and excluding summer 
and winter resorts and uncertain returns. 


There is an increased per capita consumption for all towns except- 
ing Jersey City and the Hoboken group. In the case of Jersey City 
there is a use of about 5,000,000 gallons daily by large industrial 
establishments, which has probably not increased nearly so fast as the 
increase in population during this period. This will partly account 
for the decrease per capita, probably. In the case of the Hoboken 
group of towns supplied by the Hackensack Water Company, Re- 
organized, the comparison for the two periods is made between 
Hoboken and Hackensack only in 1882, and the same places, with a 
number of smaller residence towns at the present date, and the 
smaller consumption of these places must be allowed for. It is not 
unlikely that the same causes which we have mentioned in the case 
of Jersey City operate here also. A new gravity supply greatly 
superior in quality to the old one has been introduced in Newark 
recently, and has been attended by a rapid increase in per capita con- 
sumption. Taking all other towns together, we find that the increase 
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in per capita supply averages close to 33 per cent. during this period, 
ranging from 10 per cent. in Elizabeth to 48 per cent. in Camden. 
The causes of this increase are partly a much more general use of 
water, or, in other words, a larger number of water-takers in the total 
population, and also to an increased use due to sanitary appliances 
and sanitary measures. In some cases there is little doubt that the 
amount used is unnecessarily large, and could be reduced if necessary. 
In general, the per capita consumption increases with the size of the 
city. There are probably few places of their size in the United 
States where the consumption is larger than that shown above for 
Paterson and Camden. The per capita consumption in 1894 in New 
York City was about 95; in Philadelphia 160 and in Chicago 150, 
according to an estimate made by “ Engineering News.” It will be 
noticed that the figures for New York are close to those shown by 
Newark, and to the average for the whole State. 

The last group in the table classed “All Other Towns” have not a 
normal supply, or the supply does not bear a normal ratio to the 
population. Several of these are not fully supplied. For some the 
returns are considered doubtful, and still others are summer and 
winter resorts where the average number of people actually supplied 
is largely in excess of the resident population shown by the census. 

Trenton was first supplied in 1783; Morristown in 1799 ; Newark 
about 1800; Burlington in 1804, and Mount Holly in 1846. These 
five places appear to be the only ones supplied with water up to 1850. 
From 1851 to 1860 water was introduced in Jersey City, Camden, 
Elizabeth, Hoboken, Paterson, Bordentown and Hackettstown in the 
order given, making in all 12 places supplied in 1860. From 1861 
to 1870 only New Brunswick, Flemington and Millville were added, 
making 15 in all, while in 1882 thirty-one places were supplied, and 
in 1894 the total has risen to 81. It will be seen that at present there 
are very few places with a population of 1,000 that are not supplied 
with water. 


ESTIMATED FUTURE CONSUMPTION. 


The urban population of the State is increasing at the rate of 40 
per cent. in each decade. It is, of course, impossible to say how long 
this rate of increase will be maintained, but it seems quite probable 
that it will not be very considerably less for several decades to come. 
As the present per capita consumption would seem to be ample for 
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the real needs of the people, we may estimate the increase in the total 
daily consumption to be at the above rate also, or 40 per cent. in each 
decade. This gives the following estimate of water needed to supply 
the State during the next 50 years: 


Population Supplied Gallons Daily. 


iON Ai Ae ev ee Se 1,114,403 107,840,361 
LOO L Res IH oe cts Suen. 1,560,000 151,000,000 
BOWE a ee OU an oe aoe 2,180,000 211,000,000 
TORE, sees e trees a 2 aes 3,050,000 296,000,000 
MOSAte ae ct ated ire Rie ary cadets 4,270,000 414,000,000 
LOMO RO a ae 5,980,000 580,000,000 


WATER-POWRR. 


We have already shown, by means of our observations on the Rari- 
tan, Passaic, &c., that our estimates in the tables of horse-power 
available during 9 months of the ordinary dry year, are, in reality, 
available on an average 9 months in 12 throughout long periods 
covered by our gaugings, and we may safely assume that this is the 
real value of our assumed available horse-power. During these 9 
months in each year the power will, as a rule, be always available. 
This, it is to be understood, is the gross horse-power. The efficiency 
of the best wheels in use is about 80 per cent. under experimental 
conditions, but with the conditions that obtain in actual operation, 
even with the best modern wheels thoroughly well set, 75 per cent. 
of the gross horse-power will be all that can be realized as net horse- 
power, and it will be more conservative to consider 70 per cent. as 
the amount really effective. The economy of the use of water- 
power is to be measured by the cost of producing one horse-power by 
steam. This, of course, varies with the price of fuel and the effi- 
ciency of the engines and boilers. With coal at $3 per ton on the 
ground at the boilers, Dr. Charles E. Emery estimates the cost of 
operating expenses per horse-power, including repairs, supplies, fuel 
and labor annually at the rate shown in the following table. The 
first column gives the operating expenses per year, as above explained, 
and the second column the entire capital necessary to set up the plant 
and maintain one horse-power per annum, estimating interest at the 
rate of 5 per cent.: 

21 
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COST OF ONE NET HORSE-POWER PER YEAR OF 310 DAYS OF 10 HOURS EACH. 


Cost of One Horse-Power 


in Wages, Fuel, Repairs, Capital Necessary to Maintain 
Total Horse-Power Supplies, Insurance One Horse-Power at 5 per 
in Use. and Taxes. cent. Interest. 
75 $37.65 $891.52 
100 36.27 856.74 
150 32.25 764.67 
200 29.80 708.79 


For continuous power, the cost of operation will be almost exactly 
twice the above. 

Tt will be seen that the cost varies with the size of the plant, and 
this is found to be true in general practice. A very large power 
plant is that used for pumping water at the city of Philadelphia, and 
the following figures have been computed from the records of the 
Philadelphia Water Department from 1887 to 1893, inclusive, and 
give the actual yearly cost of producing one continuous horse-power 
under conditions extremely favorable to a low cost. This includes 
labor, fuel, supplies and repairs for one net horse-power per annum: 


Gost ofasteam=pOw ers... cesanstsashvasdedect tices deswccceecu sosswr ss neeiees $78 53 
Cost of ‘water=powerl:scalsises:seeonsasasseessasecavaetessncessaweran-oes 24 47 
Saved per horse-power by water-powe?...........-ccsecesseeeees $54 06 


It is safe to say that, excepting by an improbable decrease in the 
cost of coal, there are very few cases in which the cost of one horse- 
power will be less than that shown by the above figures. In fact, it 
is known to be considerably greater at most of our establishments 
using steam-power. It is, perhaps, unwise to multiply figures, and 
it will suffice and be measurably accurate and certainly conservative 
if we assume that the cost of producing one net horse-power per 
annum will be at least $50 less by water-power than by steam-power 
for continuous power day and night, and for working hours annually 
at ten hours daily we shall not be far out of the way if we assume 
the saving at $25 per net horse-power, not including interest on the 
cost of plant, depreciation, taxes or insurance, which may, for our 
present purposes, be assumed to be equal in both cases. 

The cost of installing a steam plant with all appurtenances may be 
taken to range from $80 to $90 per net horse-power for plants of 
from 100 to 200 horse-power. If we capitalize the above saving of 
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operating expenses at 6 per cent. per annum, and add the cost of 
the plant, the average capitalized value of one continuous horse- 
power may be taken to be $920 if measured by the cost of steam- 
power, consequently, other things being equal, we may lay out in 
developing water-power $920 per net horse-power; or, estimating 
the efficiency at 70 per cent., $644 for each gross horse-power of con- 
tinuous power before water-power will cost as much as steam-power. 
It will often be possible to develop for much less than this even 
when only the minimum power of the stream is taken into account, 
and the surplus power during the wetter months of the year, if it can 
be profitably used, will be sufficient to give a good profit on the out- 
lay. There are so many determining factors in the problem, how- 
ever, that it is impossible to lay down any general rule as to the com- 
parative economy of the use of water-power. Some industries can 
profitably use power which is available only six months in the year, 
and they are usually those employing a large amount of power in 
proportion to the number of the operatives, such as paper and flouring 
mills. By taking advantage of favorable conditions, there is no doubt 
that there is still a field for the development of water-power in the 
State, and this field promises to be enlarged with the introduction of 
electric transmission, which will give more latitude in the location of 
establishments using water-power, thus doing away with one of its 
occasional disadvantages. 

In view of the above facts, therefore, all of the figures which we 
give are to be regarded rather as illustrations than as actual measure- 
ments of what may be profitably expended in developing water-power 
or of its actual value as applied to specific cases. As our estimated 
available power is for only nine months of the year, if it becomes 
necessary to furnish auxiliary steam-power, a less sum can be ex- 
pended profitably in the development of the water-power plant. If 
we assume an average cost of $90 per net horse-power to cover the 
installation of a steam plant, and $78 per annum as the operating 
expenses of steam-power, and $25 per annum for water-power, the 
outlay admissible in developing a water-power plant before it becomes 
as expensive as steam-power will be about as follows for 100 net 
horse-power under the different conditions assumed. From this it 
appears that the outlay may be from $66,250 to $97,333, and, in the 
second case, which is a fair average assumption, $86,617. As there 
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are very many opportunities to develop this amount of power for 
much less than this outlay, the resulting saving must be weighed against 
any possible disadvantages of location, larger capital needed, cc. : 


ADMISSIBLE OUTLAY IN DEVELOPING ONE HUNDRED NET HORSE-POWER OF 
WATER-POWER BEFORE IT BECOMES AS EXPENSIVE AS STEAM-POWER, AND 
OPERATING EXPENSES OF THE SAME UNDER DIFFERENT DEGREES 
OF PERMANENCE OF WATER-POWER. 


Plant with steam-power only. 


Costoleplantis.. cove scaceeacerescersereseroasersadacesetar sce ake $9,000 

interest on sameat G6: per cent. .c.ae..ccccevessvesisedsaeeecscecseveccds $540 

Operating expenses at $78 per horse-poWwer.......sscscsscssssceeees 7,800 
Total cost, exclusive of depreciation...........cccsecesceeees $8,340 


Plant with water-power only. 


AdmissiblecoshOl mplant-scsc<tsccessseteeoc-caeesateceseaeacte $97,333 

Interest onjsamerat Oper centieaccedeecendeacscsscetescarceceoeeotretes $5,840 

Operating expenses at'$25 per horse-PpOWEY.......secssesecceseresees 2,500 
Total cost, exclusive of depreciation.............s000 venstee $8,340 , 


Plant with water-power 9 months, and auxiliary steam-power 3 months, averaging 
20 horse-power with a maximum of 70 horse-power for use in the driest month, 
being the usual conditions on New Jersey streams. 


Admissible cost of water-plant........0.s0sscessesssesreveee $86,617 

Cost of 70 horse-power steam plant..........6..ecceeceseee 6,300 

Motalicost,Of planters nasomenesosoneneceoatene $92,917 
interest onisame at O peuicentssasesseretser sane tesccrattestene eens eee $5,575 

Operating expenses, 20 horse-power, steam, 3 months, at $78 
PErE ANNUUM ccrecdsets castes secasceseccet eet ontoeocand neces 390 

Operating expenses, 100 horse-power, water, 9 months, at $25 
DELEATMUUIT cccvasecleaacetecaweconeacheeeimemeereriescucatea tear eecee 1,875 

Operating expenses, 80 horse-power, water, 3 months, at $25 
PDELEANM UMN cs occnesaineeihir sce seasdiaaeeee ren eeemete ate ee tener 500 
Total annual cost, exclusive of depreciation...........00+. $8,340 


Plant with water-power 9 months and steam-power 3 months. 


Admissible cost of water plant.............csessccosessseeee $66,250 
Cost ofjsteambuplant nsec cso ses EBOgeoccerssenecor 9,000 

DotalsasAnsesaccn desnecsasevenesscace teekcc eoseeeenrde $75,250 
Interestionisameiat Gupencent.sessesneneseeece eee yee eee $4,515 
Operating expenses, 100 horse-power, water, 9 months........... 1,875 
Operating expenses, 100 horse-power, steam, 3 months........... 1,950 


Total cost of operating, exclusive of depreciation........ $8,340 
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RENTAL VALUE OF WATER-POWER. 


Perhaps no better standard of that value exists than the figures of 
rental per horse-power given in the census report on water-power, 
1880, for the leading water-powers of the United States. The fol- 
lowing list is extracted relating to powers in this section of the 
country : 

TURNER’S FALLS, MASSACHUSETTS. 


Connecticut River. Turner's Falls Company, Owner. 


Available power equals 17,600 theoretical horse-power in low water of ordinarily 
dry years, night and day. 

Rates for Power—Usual rate has been $7.50 per annum per horse-power (not fur- 
ther specified), but there is no established rate for the future. 


——— 


BELLOWS FALLS, VERMONT. 


Connecticut River. Bellows Falls Canal Company, Owner. 


Available power equals 12,000 theoretical horse-power in low water of ordinarily 
dry years, night and day. 

Rates for Power—Nominal rate, $7.50 per annum per horse-power (not further 
Specified). 


UNIONVILLE, CONNECTICUT. 
Farmington River. Union Water-Power Company, Owner. 


Available power equals 860 theoretical horse-power in low water of ordinarily dry 


years, night and day. 

Rates for Power.—Perpetual lease at $175 per mill-power per annum, a mill-power 
being 74 cubic feet per second under a head of 18 feet, or 15.34 theoretical horse- 
power—that is, the price is $11.35 per theoretical horse-power per annum. 


OCCUM, CONNECTICUT. 


Shetucket River. Norwich Water-Power Company, Owner. 


Available power equals 290 theoretical horse-power in low water of ordinarily dry 


years, night and day. 
Rates for Power—Twenty dollars per annum per horse-power (not further 


specified). 
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BARRETY’S JUNCTION, MASSACHUSETTS. 


Swift River. Barrett's Junction Water-Power Company, Owner. 


Available power equals 200 theoretical horse-power in low water of ordinarily dry 
years, night and day. a 
Rates for Power—Nine dollars per annum per horse-power (not further specified). 


—-— 


BIRMINGHAM, CONNECTICUT. 


Pousatonic River. Oosatonic Water Company, Owner. 


Available power equals 1,375 theoretical horse-power in low-water of ordinarily 
dry years, night and day. : 

Rates for Power.--Power leased for 99 years, per square foot. Permanent water, 
$20 per annum per theoretical horse-power ; second surplus, $8 per annum per theo- 
retical horse-power. Company does not guarantee power in any case. 


ANSONIA, CONNECTICUT. 


Naugatuck River. Ansonia Land and Water-Power Company, Owner. 


Available Power.—Total effective (rated) power of wheels in use, 1,600 horse 
power. 


Rates for Power.—Water leased by the square foot, under a head of 30 inches, esti- 
mated to produce 30 theoretical horse-power. Permanent water, $600 per annum per 


square foot ; surplus water, $250 to $500 per annum per square foot ($20 per annum: 
per horse-power). 


COHOES, NEW YORK. 
Mohawk River. The Cohoes Company, Owner. 
Available power equals 9,450 theoretical horse-power in low water in ordinarily 
dry years, night and day. 


Rates for Power.—Perpetual lease of land and power with reserved rent amounting: 
to $14.67 per annum per theoretical horse-power. 


LOCKPORT, NEW YORK. 
Erie Canal. Lockport Hydraulic Company, Owner. 
Available power equals 2,590 to 3,238 theoretical horse-power. 


Rates for Power.—Perpetual lease or absolute purchase. Price, from $8.33 to 
$11.11 per annum per theoretical horse-power. 
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PASSAIC, NEW JERSEY. 
Passaic River. Dundee Water-Power and Land Company, Owner. 
Available péwer equals about 800 theoretical horse-power in low seasons of ordi- 


narily dry years, night and day. 


Rates for Power.—About $33.33 per annum per gross or theoretical horse-power, 
for 12 hours a day. 


PATERSON, NEW JERSEY. 
Passaic River. Society for Establishing Useful Manufactures, Owner. 
Available power equals about 2,150 theoretical horse-power in low season of ordi- 
narily dry years, night and day. 
Rates for Power —Seven hundred and fifty dollars per annum per square foot of 


orifice, under a head of 2.75 feet to center, equivalent to about $36 per annum per 
theoretical or gross horse-power. 


RARITAN, NEW JERSEY. 
Raritan River. Raritan Water. Power Company, Owner. 
Available power equals 216 theoretical horse-power in low season of ordinarily 
dry years, night and day. 


Rates for Power—Nominal price, $300 to $400 per annum per square foot of 
orifice, under a head of 30 inches to center of orifice. 


oe 


TRENTON, NEW JERSEY. 
Delaware River. Trenton Water-Power Company, Owner. 
Available power equals 3,000 to 4,500 theoretical horse-power in low seasons of 
ordinarily dry years, night and day. 


Rates for Power—Three and four dollars per square inch, under a head of 3 feet; 
equivalent to about $37.50 and $50 per annum per theoretical horse-power. 


FREDERICKSBURG, VIRGINIA. 
Rapahannock River. Fredericksburg Water-Power Company, Owner. 
Available power equals 3,000 to 4,500 theoretical horse-power in low season of 


ordinarily dry years, night and day. J 
Rates for Power.—From $5 to $15 per horse-power (not further specified), 
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MANCHESTER, VIRGINIA. 


James River. City of Manchester, Owner. 


Available power cannot be stated. 

Rates for Power—Fifty-year leases at $4 per annum per square inch of orifice, 
under a head of 8 feet; corresponding, theoretically, to between $29.60 and $42.10 
per annum per theoretical horse-power, according as the fall is 22 or 14 feet. 


We find from the above that the highest rentals are obtained in our 
own State, and that these range from about $30 to $50 per annum 
per gross or theoretical horse-power. Thirty dollars would be a con- 
servative rental value for the more populous portions of the State, 
and there are very few places where it would be less than $20 per 
annum with the excellent transportation facilities which now exist 
every where. 


COMPARATIVE ECONOMY OF STORAGE RESERVOIRS AND 
AUXILIARY STEAM-POWER. 


Water has often been stored in order to maintain the flow of a 
stream during the dry season for water-power purposes. We may 
obtain an approximate idea of the economy of this from the following 
figures. Let us take, for example, Table No. 53, on page 157. We 
find that we can obtain for 9 months from 1 square mile .044 gross 
horse-power for each foot of fall, or at 70 per cent. efficiency .031 
horse-power for each square mile of water-shed. In order to main- 
tain this throughout the driest period, we shall need 1.14 inches of 
storage, or 19,800,000 gallons. For one net horse-power, therefore, 
we shall need 640,000,000 gallons, and at $170 per 1,000,000 gallons 
(being Mr. J. J. R. Croes’ estimate of the average cost of storage on 
the Croton water-shed, which is, however, a high allowance for 
storage for water-supply purposes), this would cost $108,800. To 
provide auxiliary steam-power and operate the same for three months . 
it will cost, capitalized at 6 per cent., $415 per net horse-power. It 
is therefore evident that storage at these figures would not be as 
economical as auxiliary steam-power until the fall was 262 feet. 
Probably with a less fall than 100 feet it will rarely be as economical 
to store water as to provide an auxiliary steam plant, even under the 
most favorable circumstances. 

It is evident that water-power requires a larger original outlay 
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_ than steam-power, and there is no doubt that the necessity for larger 
capital frequently militates against its employment, even when econ- 
omy of operation is undoubtedly in its favor. 

Peter Hasenclever, of the London Company, has the credit of 
inaugurating the practice of utilizing the Highland lakes for storage 
for water-power which prevailed so generally during the progress of 
early iron manufacturing in the State. We find the following curious 
reference to this in the report of a commission sent out from England 
in 1768: 


‘‘ He is the first person we know who has so greatly improved the 
use of the great natural ponds of this country, as by damming them 
to secure reservoirs of water for the use of the iron works in the dry 
season, without which the best streams are liable to fail in the great 
droughts we are subject to.” 


This is one of the many references which we have found indicating 
that the “great droughts” were as troublesome during the last as 
they have been during the present century. 


EVAPORATION—GROUND-STORAGE EFFECTS OF 
VEGETATION. 


THE LAWS WHICH GOVERN EVAPORATION. 


We gave, at the beginning of our report, certain experimental 
measures of evaporation. It will be noticed that we have made 
rather sparing use of these, although they have been valuable guides 
in making up our evaporation formula. We have concluded, from 
the results of these studies, that as a rule it is impossible to even 
approximate in experience the conditions which exist on a large scale 
in nature. We believe, therefore, that there is only one way to 
obtain an accurate estimate of the water evaporated and consumed 
by vegetation under the conditions which obtain in nature, and that 
is by careful gaugings of streams with known drainage area, accom- 
panied by rainfall measurements and temperature observations. This 
is conducting our evaporation experiments on a larger scale, and 
under conditions which can be obtained in no other way. Inasmuch 
as our evaporation formule are obtained from the results of the best 
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measurements of this kind which are available, they should give us 
valuable knowledge of evaporation as it actually exists within the 
State, although we do not claim for these empirical formule absolute 
accuracy. 

Our estimates of evaporation for the average, the ordinary dry and 
the driest year, for various parts of the State, are given in Table 
No. 46 (page 114 et seg.) These include, under the term “ Evapor- 
ation,” direct evaporation by the atmosphere, and also the water con- 
sumed by vegetation, a large part of which is also thrown off eventu- 
ally to the atmosphere. Our studies appear to indicate the primary 
and overpowering influence of temperature upon the amount of water 
evaporated. In this our results conflict with a rulethat has been 
much followed, of considering the evaporation to vary with the 
topography of the country, for this is the real meaning of the esti- 
mates which make the available run-off of streams vary from 80 or 
90 per cent. of rainfall on steep mountain slopes to 40 per cent. on 
flat, cultivated lands and prairies. We shall now endeavor to further 
illustrate and elucidate our reasons for subordinating the effects of 
flatness, marshiness, cultivation, &c., to the more potent effect of 
temperature. 

The following table is prepared from data quoted by M. Becquerel, 
from Schubler, in his admirable paper on the effect of forests upon 
climate, stream: flow, &c., a translation of which is given in the report. 
upon forestry made in 1878 to the United States Minister of Agri- 
culture by F. B. Hough. It may be said here that this paper 
admirably digests and draws all the legitimate conclusions possible 
from experimental data obtained under the usual conditions, and we 
prefer to refer the reader to this and other parts of Mr. Hough’s 
report rather than quote extensively from experiments upon evapor- 
ation from soil in forests and in open country, and similar observa- 
tions which we do not believe are applicable to our problem : 
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CAPACITY FOR ABSCRPTION AND YIELDING UP OF WATER POSSESSED BY 
VARIOUS SOILS. 


Water Absorbed Percentage of Parts of Water im 
by 100 Partsof Water Eyapo- 100 Parts of Soil 
Soil after Drying ratedin4 Hours Evaporated in 


at 40° or 50°, at 56.7° F. 4 Hours, 
Silicious sand..........-. See sspesaee 25 88 22 
Gi pseousasOilin...scermcensseeeecs Poth are TE) Pot Maen a et aes ae 
Walcareous tsandsscre.octessocssess 29 75.9 22 
Barrenuclayensscdeseercse see arcs 40 52 21 
Mertilesclayas.cesh.ck eaaeacrrerceses 50 45.7 23 
Loamy clay (or clayey soil)... 60 34.9 21 
UTERO layaes smctencoticeseress s OMY ama Pelee a OS Oe, 
Fine calcareous soil.............-- 85 28.6 24 
EMTS echoes Sacre eee een es 190 20.2 38 
Iiaonesiany soils: csescouh estes 156. oR Ve testes Mell, kceeete 
Gard enccoilumsseresnee sereenatenss oh taal aay Me crease ah uma Sy 


This table shows that the capacity of different soils for absorption 
is almost inversely as their capacity for giving up water to evapora- 
tion, and we have brought out by the third column a curious fact 
that the ratio of the water evaporated in a given time to the whole 
volume of soil is very nearly a constant one, averaging 22 per cent., 
excepting in the case of humus, where it is 38 per cent., but it must 
be remembered that this is based upon the dry soils, whereas the vol- 
ume of humus when wet is considerably greater. We shall have 
more to say later as to the part played by this humus in the effect of 
forests upon the flow of streams. The lesson which we wish to 
enforce from this table at present is, that from all these different 
kinds of soil, the actual amount of water evaporated in a given time 
is very nearly the same. It may be inferred that the kind of svil 
has much less to do with the amount of evaporation than has the 
temperature. 

It will be seen that our evaporation formule are, in every case, 
made up of a constant and a variable term, the variable being a pro- 
portion of the rainfall. The reason for this is explained by the differ- 
ence between evaporation from water and that from land. This is 
probably, in our latitude, at least, about the same as the difference 
between the average of Mr. Fitzgerald’s table of evaporation from 
water and our evaporation for the average year on the Passaic water- 
shed, the latter being the result of actual observations of the differ- 
ence between rainfall and total run-off on the Sudbury, Croton and 
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Passaic. This gives us 39.6 inches per annum from water, against 
22.7 inches from land, the latter being about 57 per cent. of the 
former. This relation varies, however, for different seasons, the 
above figures being yearly averages. Our evaporation increases or 
decreases slightly with the rainfall, therefore, because of a more 
rapid evaporation when the ground is full of water, and particularly 
when the surface is actually wet. In excessive, heavy rainfall, the 
water may actually stand on the surface in shallow pools, which has 
still more effect in quickening evaporation. 

We have not the means at hand by which to accurately separate 
the demands of evaporation proper from those of vegetation, and we 
doubt if there can be any such accurate apportionment, as we must 
remember that the exhalation of moisture by the plants goes to help 
satisfy the demands of a dry atmosphere, consequently if there were 
no vegetation:it is not improbable that the evaporation from the bare 
earth alone would equal the combined draught of vegetation and 
evaporation shown by our table. 

If we remember that from November to April the demands of 
vegetation are practically nothing upon the Passaic water-shed, this 
may be taken as a measure of the evaporation from earth under a 
temperature equal to the average of these six months. From the 
table on page 117 we find the total evaporation for these months dur- 
ing the average year is 4.91 inches, or 2.45 inches for each three 
months, the mean temperature during this period being 35.7 degrees. 
We may estimate, therefore, the proportionate evaporation for each 
season of the year, exclusive of the demands of vegetation, to be 2.45 
inches, increasing 5 per cent. for each degree the temperature is above 
35.7 degrees, and decreasing at the same rate for lower temperature. 
In this way we have computed the first column of evaporation in the 
following table. The next column is that of the average year on the 
Passaic water-shed, including the demands of vegetation, and the last 
column, showing the difference between these two, gives the probable 
demands of vegetation alone on this assumption. We see that the 
total amounts to about 6 inches per annum, and taking the growing 
season only, which may be regarded as including the months from 
May to August, it is 5.44 inches, or at the rate of 1.36 per month : 
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Computed Evaporation for Probable 

Temperature— Evaporation Average Year, Demands of 

Degrees from Earth— Including Vegeta- Vegetation 

Fahrenheit Inches. tion—Inches, Alone—Inches, 

Winters: ..coteccseses 29.5 1.69 2.05 .36 
SPL geesaeeteecsess 47.2 3.86 4.51 .65 
SUMMER ecocs eee 70.2 6.68 11.47 4.79 
SAMUG MIN Mes eure scssse 51.9 4.44 4.67 .23 
Year. 49.7 16.67 22.70 6.03 


In our analysis of long-series gaugings, we show by Table No. 29 
that evaporation on the Sudbury, Croton and Passaic water-sheds is 
always the same for a given rainfall, these three water-sheds having 
about the same mean temperature. If we remember that the area 
not in forest is, in each case, under about the same kind of enltiva- 
tion, including the usual farm crops, with a considerable percentage 
of pasture lands—on the whole, not unlike the distribution given in 
Table No. 19 for Sussex county—the percentage of forest on each of 
these water-sheds becomes a guide to the character of the vegetation. 
We have, on the Sudbury, about 14 per cent. of forest, on the 
Croton, about 30 per cent. and on the Passaic, 44 per cent. It 
appears, therefore, that this range of from 14 to 44 per cent. in the 
amount of forest, with the attendant difference in other vegetation, 
has no effect whatever upon the evaporation, so far as our gaugings 
indicate. In respect to topography, steepness of slopes, marshiness, 
&ec., there is no very great difference upon these water-sheds. The 
average amount of forest for the three is about 40 per cent. Nesham- 
iny creek, in Pennsylvania, has a flatter water-shed and entirely dif- 
ferent soil and only 7 per cent. in forest, the remaining 93 per cent. 
being under a much higher state of cultivation, the distribution 
resembling more closely that of Table No. 18 for Somerset county. 
The mean temperature is two degrees in excess of that of the Croton, 
Passaic and Sudbury, and the corresponding excess of evaporation 
would be 10 per cent. On pages 92 and 93 will be found the com- 
puted and observed flow of the stream during two years, based on 
this increased evaporation, and the agreement is seen to be close. If 
we did not know from other cases that this increase was due to tem- 
perature, it might be ascribed to the higher cultivation and the less 
proportion of forest. The Perkiomen has about 25 per cent. of its 
drainage area in forest. Owing to a lack of temperature data, we 
have ascribed to this water-shed in our estimates the same mean tem- 
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perature as the Neshaminy, but its average elevation is about 200 feet 
higher, and from this and its more westward location we should be 
inclined to expect that the mean temperature was really about one 
degree less. We find in our comparison of flow, computed on the 
assumption that the mean temperature is the same as that of the 
Neshaminy, a general excess of about 10 per cent. of observed flow 
over computed. The above-mentioned correction of mean tempera- 
ture would account for one-half of this difference. The remainder 
may possibly be due to the larger extent of forest, but this is rather 
a possibility than a probability. ‘The Connecticut, with 53 per cent. 
of forest, shows a decrease of evaporation, which is also fully 
accounted for by the difference in mean temperature, so that from the 
comparatively flat and highly-cultivated Neshaminy water-shed to 
the mountainous and forested, or, at least, much less highly-cultivated 
water-shed of the Connecticut, the difference in mean temperature is 
entirely adequate to account for the difference in evaporation, and we 
believe there are few careful students of the subject who will not 
prefer the difference in temperature to the difference in vegetation or 
topography as a reason for the decreased evaporation. 

Turning now to our own State, we have made comparisons in 
Tables Nos. 47 to 50 of the evaporation computed by our formula, 
based on the Passaic, Croton and Sudbury gaugings, and the mean 
temperature and the evaporation actually observed by our gaugings. 
We find that the Highland streams, excepting the Ramapo, show 
from 5 to 15 per cent. less evaporation than the Passaic, Croton and 
Sudbury, whereas the difference in mean temperature of this whole 
district would call for 11.5 per cent. less evaporation. Not only is 
the general agreement entirely satisfactory, but the range is fully 
accounted for by the differing mean elevation of the water-sheds and 
the attendant difference in temperature. In fact, we may go so far 
as to say that the gaugings actually indicate the mean temperature of 
the water-sheds more closely than we can obtain it from the available 
temperature observations, The Raritan gaugings show a mean excess 
of 4.3 per cent. of evaporation over that of the Passaic, while the 
exact difference of mean temperature is 0.9 degrees, equivalent to a 
difference of 4.5 per cent. in evaporation. The Hackensack gaugings 
show an average excess of 3.8 per cent., and while we have assumed 
the mean temperature to be the same as the Raritan for convenience, 
as a matter of fact it is highly probable that even this slight decrease 
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from the figures for the Raritan could be accounted for by a slightly 
lower temperature. The Hackensack and the Raritan, therefore, 
respond equally well to the difference in mean temperature, although 
the former. has 60 per cent. in forest avd a considerable extent of 
marsh land, and the remainder is not under a very high state of culti- 
vation, whereas the Raritan water-shed is only 13 per cent. in forest, 
is entirely free from marshes and is very highly cultivated. It will 
be noted that in this comparison there is an absolute lack of any cor- 
respondence between the amount of evaporation and the character of 
the vegetation of the water-shed, its soil or topography. 

The Great Egg Harbor and Batsto represent the widest divergence 
which we have reached from the mean temperature of the Passaic, 
&c. We estimate that this difference should cause an increase of 14 
per cent. in evaporation, and we find from our gaugings that the 
evaporation is actually increased to even a greater extent than this, 
due to the fact that the difference in temperature is not equal 
throughout the year, in the face of the fact that 88 per cent. of these 
water-sheds is in forest and only 12 per cent. under cultivation. We 
have here not only convincing evidence of the paramount influence of 
temperature, but, as in the case of the Highland streams, it is seen 
that the response of evaporation to temperature is delicate and exact. 
It seems, therefore, that the data which we have in hand go far to 
prove that evaporation is effected principally by temperature, and to 
an entirely subordinate extent by the character of the vegetation or 
the topography of the water-shed. The force of this is apparent 
when we bear in mind that rainfall, less evaporation, as we have 
considered it, gives the amount of water which will flow off in the 
streams, 

It becomes interesting to note what rainfall is necessary to be just 
equivalent to the demands of evaporation and vegetation. We have 
given in the previous table the temperature of the Passaic water-shed 
by seasons. By the use of this we may arrange our evaporation 
formula by seasons. They become as follows: 


Witter rates ccccssessceser ses E equals ( .99-+ .10 R) (.05 77— _ .475) 
Sri Oneasectesaccsenessass nes 1g) oe (3.22 + .13 B) (.05 Z’— 1.36) 
Sumer ecscccesscctsseses ose. Be #8 (8.12 + .27 RB) (.05 7’— 2.51) 
FNULUMON en sacsesnqesntlecessaa ig (8.17 + .14 R) (.05 Z’— 1.595) 


BYICATI en settee: anensste secs E equals (15.50 + .16 B) (.05 7’— 1.485) 
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If we now introduce into these equations the proper values for fi 
and make E equal R, we obtain the following values of rainfall 
needed to equal the evaporation : 


Highlands and Passaic Red Sandstone Southern 
Kittatinny Valley. Water-shed. Plain, New Jersey. 
Wiintertrsncsssscnscnece 97 1.10 1.16 1.27 
SIOIELIES 07 ocpo ceca. Goon 3.19 3.70 3.91 4.31 
SUMIIMGN secnccossinecens 9.46 11.12 11.97 13:37 
BAILING: ones see acsee 3.21 3.96 3.90 4.31 
SYiGa DP enceseciasesine 16.83 19.61 20.94 23.26 


It is seen that, excepting in summer, the rainfall in the State will 
usually be largely in excess of evaporation, but if the summer rainfall 
is less than about 12 inches it will be entirely evaporated. Inasmuch 
as most of our streams carry off about 2 inches of ground-water per 
month, we shall require 6 inches in excess of the above for each 
season in order to maintain full ground-water, but we may remark 
here that we shall show more fully later that this condition is not 
desirable for healthful vegetation. Indeed, we shall show that the 
water drawn from the earth by stream-flow is not at all necessary, 
but in fact is detrimental to vegetation. There are two distinct 
operations by which depletion of ground-water is brought about. 
There is the draining process, which relieves the ground of water 
which fills the voids, and there is the drying process of evaporation 
and vegetation, which takes up the remaining water held in the earth 
by capillary attraction. 

It will be noted that for the more productive part of the State, 
having a mean temperature of about 50 degrees, about 20 inches per 
annum of rainfall is needed to satisfy the requirements of evaporation 
and vegetation. It is of interest that our evaporation formule so 
closely conform to general observation, which is to the effect that for 
about this temperature less than 20 inches of annual rainfall is 
accompanied by an exclusively pastoral condition of the country, and 
when the rainfall becomes as small as 14 inches vegetation practically 
disappears. These facts in all respects agree with the indications of 
our evaporation formula. In Kansas, when the rainfall sinks as low 
as 20 inches, it also has a distribution through the season to some 
extent like that of the above table, or about as follows: Winter, 2.7; 
spring, 4.7; summer, 7.9, and autumn, 4.7 inches. 
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While they are not exactly germane to the subject of water- 
supply and water-power, these facts which we learn from the condi- 
tion of vegetation, in a general way, confirm the accuracy of our 
assumptions. They are, besides, of the greatest economic importance, 
so that we may be pardoned if we pursue them a little farther, as our 
formule are probably the first attempt at computation of evaporation 
based upon proper data. From Table No. 46 we have prepared the 
following table of seasonal rainfall and evaporation. As the grow- 
ing period is confined almost exclusively to spring and summer, we 
have not considered it necessary to include the other seasons : 


SPRING AND SUMMER RAINFALL AND EVAPORATION. 


Average Year. 


SPRING. SUMMER. 
Coaliee ea 
—, oO as (Ss) 
a | 5 e | 
Sa easels Satie lite 
a i S= 3 > oa 
aa 3) a ae 3) a 
Kittatinny valley and Highlands......... 10.93} 4.18} +6 75}| 12.35} 10.09) +-2.26 
(Passareuwater-shed.ss i .sssussdssescacseossses 11.15} 4.51) +6.64]; 12.60) 11.47; +1.13 
Red sandstone plain.............. ea tatersese 11.39} 4.99) +6.40}; 12.86; 12.14) + .72 
Mrontom (01 Cam d Clivaies. cess cesssveccosseeces 11.71) 5.47} +6.24|| 13.22) 13.28! — .06 
Camden to Bridgeton.............+. Ee seas 11.38) 65.42} -+5.96|} 12.84) 13.15) — .31 
WoasteshLealnsraneesateccccsts ss <e <sonseaseve sess 12.17) 5.56) +6.61]| 13.76] 13.70] + .06 
Ordinary Dry Year. 
Kittatinny valley and Highlands......... 8.73} 3.91) -+4.82}| 11.84) 9.99) +1.85 
Passaic water-Shed.......ssscccccocsescscssses 8.91} 4.45) +4.46]} 12.18) 11.87)+ .74 
Red sandstone plainv.sccseesssesseeseees 9.13] 4.71] +4.42 12.37| 12.00] + .37 
Trentonato: Camdentnrcccncscccescosesseseeess 9.38} 5.18) +-4.20 12.63) 13.12|— .49 
Camdeni to Bridgeton........:...0-+-00-seree 9.13} 5.11) +4.02}; 12.387) 1255; — .18 
WC OASETSINCAIIS ere crs sec scas cobscscsecs semaines 9.69} 5.18} 4+4-4.51]; 18.17) 13.27; — .10 
Driest Year. 
Kittatinny valley and Highlands......... 7.15} 3.72) +3.43 6.01 8.56| —2.55 
IPassaIG LWALCESSMeCcc eran ns cescccces seeanecens 7.15} 4.20) +2.95 6.01) 9.58} —3.57 
Red sandstone plain............sssscsseesees 7.15} 4.41) +2.74 6.01; 10.15} —4.14 
Trenton to? @amdens,;....65.+.-cc0sses02 00 
Camden to Bridgeton.... .............0+. 7.15} 4.79, +2.36 6.01} 11.03} —5.02 
Coasirstreamisumnencessstencaeseseccnoo ac | 
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The conditions shown in the above table may be described as fol- 
lows: The average year presents those which are most favorable to 
the generally-abundant vegetation of the State; the ordinary dry 
year gives conditions of scanty rainfall, but not such as to cause gen- 
eral distress to plant-growth, while the driest year makes exceedingly 
distressing conditions, and such that, if they were continued, would 
change the whole character of the vegetation of the State. This was 
based upon the year 1881, which was not only a ruinous one for 
ordinary crops, but caused the death of numbers of forest trees, and 
those which did not actually die had their foliage browned as if by 
fire in many portions of the State. The same thing happened in a 
part of northern New Jersey to a less degree, in 1894, when the con- 
ditions of rainfall and evaporation were as follows : 


1894. Rain, Evaporation. Difference. 
SPUN Oircemt acese ese sewseenegn dere ete ween cas 9.45 4.45 +5.00 
MSUMIM ST ce mcs cth soeeceeaecucecn ae esccronsoaee 6.22 9.80 —3.58 


The deficiency above shown for the summer is about the same as 
that on the Passaic water-shed for the driest year. Should these con- 
ditions continue, it is evident that our forest growth would become 
scanty. Here again it is interesting to compare those conditions 
which prevail in the west, at about the line where the forest growth 
ceases to be abundant because of scarcity of rainfall. This is at 
about 32 inches annually in the neighborhood of Kansas, whereas the 
rainfall for our driest year is 31.63 inches. The rainfall and com- 
puted evaporation by seasons in Kansas at about the limit of abundant 
forest growth is approximately shown in the following table : 


Computed 
Temperature. Rain, Evaporation. Difference. 
IW ber: seco set ccssaveetoeeere 29 4.3 1,4 +2.9 
PLIN etpeersceete tsetse cee sas 54 7.6 5.7 +1.9 
SUMMIMNEL A wsculeo sense eres ox 75 12.6 14,4 —1.8 
ENNIpOIIN eaves see siooes seats tote te 54 7.5 4.6 +2.9 
SYCATpecrescusostsecceccac 64 32.0 26.1 +5.9 


The actual effect on vegetation of such dryness is probably the 
more accurately shown by the depletion of the ground-water, which 
we shall consider hereafter. The roots of some of the plants pene- 
trate to a great depth, and are consequently able to extract moisture 
to a corresponding depth. Thus the roots of common clover, a com- 
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paratively small plant, have been traced to a depth of four feet. In 
extremely dry times we have known the earth to become entirely dry 
to a depth of at least three feet, and there is no doubt that in some 
soils on the higher portions of a water-shed this depth is considerably 
exceeded. 


GROUND-WATER. 


Our flow from storage, as shown by the storage curves which we 
have used in computing the flow of streams, includes, in addition to 
the ground-water, some water drawn from ponds and swamps which 
could not be separated. We have seen that the Paulinskill has a 
pond storage amounting to 0.7 inches on the water-shed. It is much 
less on other Kittatinny valley water-sheds. The whole Passaic, 
during the period covered by our gaugings, had about 10 square 
miles of water surface, or 1.2 per cent. of the whole, and an average 
draught of 24 inches on these ponds would give 0.29 inch on the 
water-shed. The Ramapo has 1.2 per cent. of water surface; the 
Wanaque 3.4 per cent.; the Pequannock 1 per cent., and the Rocka- 
way above Boonton about 2 per cent. of water surface. The Raritan 
has almost none, as is the case for the southern streams, although 
these have large swamp-storage. This pond-storage has some effect 
upon the storage curves, as we have remarked, but as the draught is 
somewhat irregular it was necessarily to a large extent eliminated, so 
that in the main the storage curves represent natural ground and 
swamp-storage. The depletion of ground-water is usually due to 
evaporation and drainage to streams combined, but if we consider the 
demands of evaporation to be just equal to the rainfall, and on this 
assumption compute the flow of different streams for a series of 
months, we shall have a pretty accurate idea of the amount of water 
which may be extracted from the earth by drainage alone, and also a 
good measure of the relative capacity of different kinds of soil and 
subsoil for feeding the streams. 
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FLOW FROM GROUND-WATER WHEN RAINFALL EQUALS EVAPORATION, 


HIGHLANDS HACKEN- SMALL RED 
AND KiTTa-| PASSAIC sack AND | RARITAN | sanpsToNE COAST 
TINNY WATER- N. E RED WATE mW Acai STREAMS. 
VALLEY. SHED, SANDSTONE. SHED. | SHEDSs. 
eas ND). Wes Xi jean agar | e 
MONTH. 
. . . . | . . 
a g 5 2 Z E 
ve) 2S Ss Ss 3S 3S 
iS BS & = & = ‘S = ih ays 2 
Bo Sool ete. SO dow es dt pte Omak Stal) Geto abel 
A Fy Q fa a) & a fe ran) ay a 
1.20 | 1.16 | 1.16 | 1.60 | 1.60 | 1.48 | 1.43 94 | 94 | 1.76 | 1.76 
1,75 54 | 1.70 98 | 2.538 .64 | 2.07 88 | 1.82] 1.88 | 3,14 
2.14 40 | 2.10 77 | 3.30 .45 | 2.52 26 | 1.58 | 1.80 | 4.44 
2 46 33 | 2 43 73 | 4.03 35 | 287 20 | 1.78 | 1.02 | 5,46 
273 32 | 2:75 65 | 4.69 .30 | 3.17 14} 1.92 63 | 6.09 
2 88 31 | 3.06 64 | 5 23 .27 | 3,44 12} 204 46 | 6.55 
8.21 30 | 3.36 40 | 5.68 | .26 | 3.69 10 | 2.14 38 | 6 93 
8.45 29 | 3.65 34 | 5.97 -28 | 8.92 08 | 2.22 34 E27, 
8.64 28 | 3.93 28 | 6,25 .22 | 4,14 O77 a2 2 32 | 7.59 
Bees BOR Ieee. cI Glob meee nel, ali ee ROrO9 | eeeteazing besser 


As the growing season lasts about four months, or from May to 
August, and the depletion of ground-water usually begins about May 
1st, we have, in the figures for the fourth month above, the amount. 
of water extracted by the streams alone, when, as is not at all unusual 
during these months, the rainfall is only equal to the evaporation. 
It will be noted from the total for nine months that the capacity of 
the streams for depleting ground-water is limited. As we have pre- 
viously remarked, the water included in the above table is drainage,. 
or the surplus water held in the voids, and not needed for plant- 
growth. In fact, this water is that which is troublesome to the 
agriculturist, and when nature has not provided a ready outlet for it 
he finds it necessary to underdrain his fields and thus remove it. 
He has found it necessary to remove it to a depth of about three feet, 
and in order to effect this he usually places such drains at a depth of 
four feet. Its presence probably prevents the necessary penetration of 
air into the soil to oxidize its organic matters. A soil which is not 
deprived of this water of drainage has a low temperature, a difference 
of 10 degrees having been observed at a depth of 7 inches between 
drained and undrained soils. We may expect, therefore, that a 
country in which the depletion of ground-water is large will be 
characterized by a warm soil, as is the case with southern New Jersey. 

We may conclude, therefore, that the water drawn off by streams. 
is not, as a rule, any part of that which is necessary to support the 
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demands of vegetation, but that these demands may be supplied from 
the water held in the soil after such drainage is effected. 

The following table shows the extent to which ground-water is 
actually depleted in different sections of the State during our average, 
ordinary dry and driest years: 


AVERAGE DEPLETION OF GROUND-WATER AT END OF EACH MONTH, MEASURED BY THE INCHES 
OF RAIN NEEDED TO REPLENISH IT, 


Average Year. 


| 
H ui rs 
s 2 H Ss 3 ined 
shal) Eee Fel are | al tat 
ROM eye sce ee sn MS Gene I ue yates 
S/o ie F/B) S181 3) 8 
ais |S] < nD fo) A A 5 
Kittatinny Valley and the Highlands.............sce0. -27| .73|1.23) .86) .47| full.|........ 
MPASSALC WV ALONSO leccccssncsancssss) ccenecsctscccedsecccinseeasres .86) .97/1.65) 1.38) 1.61} .32) full. 
Hackensack Water- shed... acta .75|1.68 2.81) 2.97) 2.55) 1.43]  .89 
Raritan Water-shed... -| .64/1.42)2.26) 2.10) 1.48) .52) full, 
Small Red Sandstone Water-sheds . 28) .79|1.44) 1.14] .49} full.]........ 
Trenton to Camden...............cse000 «| .87/1.92 3.36) 8.78) 3.50} 2.82) .79 
ME OAS SHLOAMAS hs cccavececcssrcoucneveltonercavevassucecersess| <searsesli OalanlLo O2ooi 40014, 091 OS cOglL2. 20) 
Ordinary Dry Year. 
| 
’ E Hi sg | 8 a 
= Q Z 5 S jes So diva 
equ |= eeu lose aalcconlOulp earner lies 
Kittatinny Valley and Highlands.. .80] .60} .96/1.17/1.21/2.31)1.65 .89) folly ee. 
Passaic Water-Shed. ......-....sscs eee «| .30] .72)1.2211.62/1.74/2.90/2.26/1.33 full. |...... 
Hackensack Water-shed .. ..| .61/1.31)2.14)2.99/3.53 5.10/4.70/4.02) 1.62) full 
Raritan Water-Shed.....-..10...s0-sesseee we. | .49)1.08 1.72}2.28/2.50 8.70/38 .02/2.05, full.|...... 
Small Red Sandstone Water-Sheds .....-.sccseereeeeenes 18} .53} .97)1.37|1.45/2.48/1.63) .67| full.|...... 
Trenton to Camden......... Menvewasenee | .64'1.86]2.42/3.65/4.47|6.02/5.55/4.58) 2.13] full 
COAST SULCAIIS! .-ccs0ssucooseccecssoccesscsccnesessntslnsesessossnenee .61!1.59,2.93/4.47|5.42 6.88]/6.34/5.511 3.40/1.20 
Driest Period. 
3 S| 8 B 
é fe) PP esey ll ss es a 
: rn =| 8 ao) ele |e a 
5 eB) 2) > Ep OA ele Noe ge 5 
3 15 Ce) () 
duet aealneolestel oy (Owe Meni tht host 
ittatinny Valley and Highlands...../1.32/1.34/1.49)3.71) 5.28) 6.09) 4.20/8.14/1.43) full.|.......|..00 
See Wutorchea Fotdeasees : Siateceeanioces 1 35/1.58/1.65/4.35| 6.34) 7.47) 5.92)5.01/8.31) full. Rilpreeten 
Hackensack Water-shed... .. |1.87]/2.5713.11/6.20} 8.23] 9.42) 7.90)'7.00|5.81) 2.23) .09) full 
Raritan Water-shed. .67|2.07|2.31/5.04| 7.08] 8.20) 6.6115.65/3.92/ .58) full,}........ 
Small Red Sandstone ‘Water- sheds... 11.46'1.54/1.55|4.09| 6.01] 7.02] 5.32/4.24|2.36) full.|........ 
Trenton tO CaAMAeN,.........0. sessecsscerees 1.91/2.86,3.79,7.04 9.49}10. 92) 9.59,'8.84/7.29| 4.02; 1.49) .34 
Coast StrEaMs,.......csccccccccsse secccroresesss 2.13 3.51'4.86.8.07 10.52 11.95,10.62/9.87|$.32| 4.98] 2.87| 1.66 
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Unlike the previous table, which shows the possible draught by 
drainage alone, this table shows the combined effects of drainage, 
evaporation and vegetation. The average year probably represents 
the extent of depletion consistent with the best development of our 
vegetation. It begins with May and extends through the autumn, 
and, in southern New Jersey, through the year. The ordinary dry 
year is probably not far from the limit beyond which vegetation suf- 
fers badly, and the driest period represents extremely hurtful condi- 
tions, and which if continued would result in a change of the char- 
acter of our vegetation. 

The actual depth into the soil to which this depletion penetrates 
cannot well be ascertained. The depth to which the drainage extends 
is much greater than that to which actual dryness of the soil pene- 
trates. The percentage of voids in sand amounts to about 25 per 
cent. of the whole mass, and closer soils have about 10 per cent. of 
voids, so that the average depletion will range from four to ten 
times the depletion measured by the depth of water extracted, or may 
be assumed to average about seven times. For an average year, 
therefore, in northern New Jersey it will extend from 9 to 24 inches, 
and for the driest year from 42 to 56 inches. Upon a given water- 
shed the depletion will range from nothing along the stream lines to 
probably about twice the above amounts along the ridge line, conse- 
quently it is probable that the above depletion for the average year is 
quite sufficient to cause a drainage of 36 inches on the uplands, 
which we have seen to be necessary to perfect vegetation, In 
southern New Jersey a part of the depletion is from swamp-storage, 
but probably the ground-water is depleted to the extent of 10 inches 
in the driest time, or to a depth of from 24.5 inches in the average 
year to 70 inches in the driest year. It will be noticed that the 
ground-water is lowered for a much longer period in southern New 
Jersey than in the northern part, and it is not improbable that this 
bears some share in the well-known dryness of thefwinter and spring 
climate. 


EFFECT OF FORESTS UPON STREAM-FLOW. 


We have already called the reader’s attention to the report upon 
forestry made by F. B. Hough to the Commissioner of Agriculture, 
in 1877, which embodies practically all that it is desirable to 
say as to the results of the ordinary experiments upon this subject. 


DUNDEE DAM AND RACEWAY, 
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As we are able to approach it from a somewhat different standpoint, 
however, and, in view of the prevailing and commendable interest in 
the preservation of our forests, a brief summary of our findings in 
this connection may not be amiss. 

We believe it will be helpful to the cause of forestry in the future 
if the effects of forests upon stream-flow are more carefully and 
accurately stated. 

First, it is necessary to be careful in accepting too implicitly 
popular opinion upon the subject. We have heard everywhere 

«throughout the State emphatic declarations that within the memory 
of the relators there had been a decided shrinkage in the volume of 
streams, and this is almost always attributed to deforestation. On 
the Raritan, the fact is cited that it was previously customary to 
freight goods by boat as far up as North Branch, and indeed, in 1736, 
members of the writer’s own family conveyed their household goods 
by this means up the Raritan and up Green brook as far as the pres- 
ent city of Plainfield, this being then the most available means of 
transportation. It is claimed that this could not be done at present. 
It must be remembered that by the construction of the Delaware and 
Raritan canal, in 1833, very considerable changes were made in the 
regimen of the lower stream, and if it were not for these changes we 
can see nothing to prevent navigation of the river to a considerable 
extent at present, during a part of the year, by such boats as were 
then in use. The great improvement in methods of transportation, 
however, and consequent change of the point of view, make such a 
proposition now seem ridiculous. We use this as an illustration of a 
class of facts which are advanced to demonstrate the shrinkage of the 
Rancocas and other streams of the State which were once considerably 
used for shipping produce. We cannot regard such evidence as 
conclusive. 

As to the claims of shrinkage in the volume of streams during the 
memory of persons now living, we must remember that if this has 
taken place it can hardly be charged to deforestation. The census 
returns show that since 1850 the improved land in the State has in- 
creased only 330,000 acres, or 7 per cent. of the whole land area, and 
this is confined to a few localities. It is perfectly safe to say that in 
northern New Jersey there has been practically no increase in culti- 
vated land for a period of 50 years. Again, we have found that the 
large forested areas of the northern portion of the State consist 
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mainly of a growth of from 35 to 45 years, and we are disposed to 
place the period of maximum deforestation at about 1850. ‘This was 
brought about by the large demand for charcoal for the then numer- 
ous iron works of the State, and the method of cutting timber was to 
include everything in sight. We are told that at about this time 
large areas of the Highlands presented a perfectly bare appearance. 
In view of these facts we are compelled to conclude that if the alleged 
changes in the stream are a fact they cannot be due to deforestation, 
unless it may be-in the case of the Delaware. A good foundation for 
this prevalent opinion that the volume of the streams averages less 
than formerly may be found in our diagram of rainfall, Plate I. If 
these persons contrast mentally the dry period which has prevailed 
since about 1875 with the wet period between 1855 and 1875, their 
opinion would be amply justified so far as the decreased flow of the 
streams is concerned, and the reason is apparent. 

We have already shown, in our remarks upon the laws which 
governed evaporation, that there is nothing in our observations of 
stream-flow which indicates that forests or other vegetation have any 
marked effect upon the total annual evaporation from a water-shed. 
Indeed, if such a difference in this respect as is sometimes claimed 
actually existed, we should expect to find the prevalence of forests 
in regions where the rainfall was too light to support other vegeta- 
tion. This does not appear to be the case, and indeed it would seem 
to be rather the reverse. 

Again, we must not expect to be able to show any increase in the 
height of extreme floods from deforestation, for these are usually due 
to a peculiar combination of circumstances which are beyond the con- 
trol of forests, and precisely the same thing is true as to the lowest 
flow. We shall not be able to show any decrease in this, but we may 
show that moderately-heavy floods are more prevalent, and periods of 
very low flow more frequent and longer extended. 

It does not follow from the above that the beneficial effects of 
forests are to be depreciated. On the contrary, they can be and 
should be put upon grounds that are incontestable. Their effect in 
holding and preserving the soil upon slopes is very well known, and 
besides this they create a mass of humus and absorbent matter upon 
the surface which has an effect upon stream-flow, and the general 
evils resulting from deforestation are a matter of careful observation 
and record, so that too much stress cannot be laid upon the desira- 
bility of preserving a proper area of forests, 
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So far as they affect the flow of streams we consider their most 
valuable service to be that they equalize the flow, which they 
undoubtedly do to a marked extent. Something of this appears to 
be traceable in the difference between the ground- flow curve of the 
Sudbury, with about 14 per cent. of forest, and that of the Passaic, 
with about 44 per cent. The extremely low ground-flow of the 
Neshaminy, which is largely deforested, appears to be also in part 
due to the same cause. These curves are shown in Plate IV., page 82. 

The study of these curves shows that in every case, almost, it is 
the water-shed on which is the largest proportion of forest which 
shows the largest flow from ground-water. Thus, the Sudbury curve 
falls below that of the Croton, and still more below that of the Pas- 
saic. The Neshaminy and Tohickon have the smallest amount of 
forest and the lowest curve of ground-flow. While we know that it 
is not entirely due to forests, it would seem to be indicated that they 
bear an important part in bringing about the result. Turning now 
to Plate VI., at page 126, and remembering that we should compare 
only streams having approximately the same-sized water-shed, we 
find of the Raritan and Passaic that the latter shows a much better- 
sustained flow for the latter part of a dry period. The same thing is 
true of all the other streams which are properly comparable, and the 
possibility that forests have an important bearing in this respect upon 
the flow of streams is strongly suggested. If we now turn to the 
table of flow from ground-water when rainfall equals evaporation, on 
page 340, we have a measure of the effect of such increased flow from 
ground-water. Compare, for instance, the Passaic and Raritan, and 
we see that although the total flow from ground-water on the Passaic 
is less than that upon the Raritan, after the fourth month the flow of 
the Passaic is considerably larger, averaging about 20 per cent. in 
excess of that of the Raritan. While the much larger flow of the 
coast streams is mainly due to other causes, it is still suggestive of 
the nature of the real benefits which result to streams from a preva- 
lence of forests. As to the effect upon floods, this follows as a 
sequence of the increase in ground-flow. As an illustration, let us 
take the flow of the several classes of New Jersey streams during 
September, 1882, a month in which great floods prevailed all over the 
northern part of the State. If we assume the rainfall everywhere at 
this time to have been the same as that of Philadelphia, or 12.09 
inches for the month of September, as we have done in the driest 
period of our several tables of flow, we have the following table: 
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RAINFALL AND FLOW-OFF IN FLOOD MONTH, SEPTEMBER, 1882. 


Rainfall, less 
Evaporation. Flow-Off- 


Kittatinny valley and Highlands...........cscsessesserees 8.51 7.27 
PASCATC/ sete aapaneu dhasececencecNenete sues ses eenons seers esbactses 8.04 5.69 
Northern red sandstone..........s0s0+0 | nO deeeeeeon sees 7.74 3.58 
IRALItAN ev asstoscasesctaceceses tet casecresnseqcasosesmenceenecs 7.74 4.73 
Smal predesandstoners-ceseaceeesoececneresece doscccoeseencswr 7.74 5.75 
Delaware above MrenmtOny..cc.ccesecsotecsussccmesrseeraseee 8.51 6.90 
Branches of Delaware, Trenton to Camden............ 7.47 2.32 

cS if Camden to Bridgeton.......... 7.47 2.32 
Coast streams, large ground-storage......csscoesserseesees TAT Tes 


The total flow-off for this month is seen to vary from 7.27 to 1.32 
inches, whereas the excess of rainfall over evaporation ranges only 
from 8.51 to 7.47 inches. The great difference in the amount of 
water flowing off is due to the difference in the amount absorbed by 
the earth, which ranges from 1.24 inches in the Highlands and Kit- 
tatinny valley to 6.15 on the coast streams. All through this table 
it is seen that the flood-flow must vary in volume inversely with the 
capacity for ground-storage, consequently anything which tends to 
increase this capacity tends to decrease the volume of floods. The 
modifying action of forests upon such storage is certainly limited to 
within the range of conditions exhibited by the northern New Jersey 
streams. It happens at times, on all of these, that a heavy rainfall 
occurs when the ground-storage is full, and the result must be a 
flood. The maximum rate of flood-fiow on these streams occurs with 
such exeeptional conditions as these, or when there is a heavy fall of 
rain upon a large accumulation of snow or upon frozen grounds. It. 
is for this reason that we have taken the position that we must not 
look for a decrease in this maximum rate of flow to be brought about 
by forests. The above showing indicates, nevertheless, that the aver- 
age of floods will be reduced and the frequency of their occurrence 
materially decreased by forests. 

There is, furthermore, little doubt that the very large storage-flow 
of the southern New Jersey streams is in part due to the forests, 
especially in the swamps. This effect is produced in part by the power 
for large absorption of water and slow parting therewith, which is 
peculiar to humus, as shown in the table previously quoted from 
Becquerel, and in part to the retention of water by absorbent mosses * 
and by the inequalities of the surface which are characteristic of 
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forests, and which hold the rainfall until it can take advantage of the 
facilities afforded for its percolation into the subsoil through the 
channels provided by the roots of the trees. We cannot better illus- 
trate how beneficial this equalizing effect may be than by suggesting 
to the reader a comparison between the computed flow of the coast 
streams during the driest period, as shown by Tables Nos. 60 and 61, 
and the flow of the smaller red sandstone watersheds during the same 
period for the same rainfall, as shown by Table No. 56. He is like- 
wise referred to the diagram of comparative flow of the Batsto and 
Neshaminy during the same period, shown in Plate X., page 292. 
The result of such increased capacity for natural storage and equali- 
zation of flow is a very much more serviceable stream for water-power 
or navigation, and the requirements of artificial storage in order to 
utilize a given amount of water per square mile are very much less, 
although the total run-off of the stream during the year is not neces- 
sarily any greater. 

From a sanitary standpoint, it has been suggested that the most 
desirable condition of a water-shed is about that of our Highland 
country, with clearings near the streams to the extent of 20 or 25 per 
cent. of the whole area, which freely admit sunlight and air. This 
is probably preferable to a solidly-wooded district, especially if these 
clearings are kept in grass. It may be remarked that at present: 
there does not appear to be any danger of further deforestation upon 
our water-sheds, unless it may be from fires in the southern portion of 
the State. 


EFFECTS OF CULTIVATION UPON 8TREAM-FLOW. 


These effects cannot be very marked upon the total quantity of 
water flowing in a stream for a given rainfall. This follows from 
our previous conclusions. No such effect is found in the recorded 
gaugings, any differences of flow there observed being more satisfac- 
torily accounted for by temperature. We also found that the removal 
of the water held in the voids of the soil does not interfere with, but 
is beneficial to vegetation, which is best supplied from the water held 
by capillary attraction, and such capillary water can have but little 
effect upon stream-flow. It is highly probable, however, that the 
tilling of the soil greatly increases its absorbent capacity, and proba- 
bly increases materially the total flow from ground-water. On the 
other hand, thorough drainage and underdrainage quicken the dis- 
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charge of such waters, thus producing a large flow at the beginning 
of the draught upon ground-water but a decreased flow for the later 
months of a dry season, consequently the periods of extreme low flow 
are longer upon cultivated water-sheds. An instance and an excel- 
lent illustration of this fact may be seen in the ground-flow curve of 
the Raritan as compared with that of the Passaic in Pate VI., at 
page 126, also in the table of flow from ground-water, on page 340, 

As between cultivated and barren water-sheds, therefcre, the culti- 
vated will show the steadiest conditions and the best-sustained dry- 
season flow, but as between cultivated and forested water-sheds the 
forested will produce the best results, the stored ground-water being 
more slowly fed out and evenly distributed over the dry season. It 
follows also that floods will be most severe upon barren areas, but as 
between cultivated and forested areas there will probably be no 
marked differences in this respect. It is readily seen that of all 
classes barren water-sheds are the most undesirable, consequently 
there follows the urgent necessity of preserving forests upon slopes 
and all areas which are not adapted to agriculture. 

Cultivation undoubtedly, both from constant distribution of the 
soil and the use of fertilizers, as well as the attendant pollntion from 
barnyards and the increased population, may render waters less pure 
and wholesome. 


GEOLOGY OF THE STATE IN RELATION TO STREAM-FLOW. 


The accompanying geological map will be of use in connection 
with these studies because the geological formations are the key to 
the character of the streams, as they are to the topography, climate 
and other physical characteristics of the State. Asa rule, the water- 
sheds which lie upon the same geological formation will be found to 
have a strong resemblance, both in the character of the flow and in 
the chemica! composition of the waters. We have followed these 
geological formations of necessity in grouping our streams. The 
Kittatinny valley and Highlaads group corresponds exactly with the 
boundaries of these formations. So we have the Red Sandstone plain 
group ; and the Trenton to Camden and Camden to Bridgeton group 
are mainly subdivisions of the Cretaceous or clay and marl region, 
while the coast streams coincide generally with the Tertiary. The 
first two divisions are crossed by the moraine line, and over all of the 
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country north of this there is much scattered drift, composed of 
boulder earth, sands and gravels, which sometimes cover the under- 
lying rock to a depth of hundreds of feet. Glacial action has often 
stripped the decomposed rock and soil from the ridges and filled the 
valley with debris, and many of the lakes here are formed by drift 
dams which fill the valleys. The areas north of the moraine are 
invariably much more generally forested than those of the same 
formation south. 

The Paleozoic formation consists largely of slate and limestone 
rocks, which are as a rule covered with a good soil, and the valley bot- 
toms are usually fine grazing land. The upland clearings are devoted 
to general farming, the distribution of vegetation being generally 
about that shown in Table No. 19, page 38. The elevations in 
Kittatinny valley range from 400 to 1,000 feet, and on the mountain 
which runs parallel to the Delaware along the divide between that 
stream and the Paulinskill, from 1,200 to 1,800 feet. The valley has 
about 22 per cent. of its area in timber, and the mountain 60 per 
cent. The waters of this district, if we judge them by the analysis 
given for the Pequest, are rather hard. They are also more turbid 
than those of the Highlands. 

The Archean formation is co-extensive with the Highlands, which 
range from 500 to 1,500 feet in elevation, and consist of a number of 
parallel ridges and valleys. Northeast of the moraine they are well 
wooded, forest covering about 75 per cent. of the area, and ranging 
as high as 90 per cent. in some townships. Southwest of the moraine 
the average is not over 30 per cent. of forest, which is mainly on the 
_ slopes too steep for cultivation. This portion is well covered with 
soil and quite highly cultivated. The underlying rock is gneiss, with 
a little slate and limestone in some of the valleys. 

The Red sandstone formation, or Triassic, is a rolling plain, the ele- 
vations ranging from 0 to 900 feet, but for the most part the country 
is below 300 feet. The underlying rock is mainly shallow, of an 
argillaceous character, which, in places, becomes a sandstone. It has 
a red color. Northeast of the moraine line this region is densely 
populated, and about 40 per cent. is in timber. There is less highly- 
cultivated land than would be supposed from its populous character. 
Southwest of the moraine, the country is of an agricultural charac- 
ter and highly cultivated, the average in forest being only 13 per cent., 
and for large areas in the valley of the Raritan not over 3 per cent. 
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The distribution of vegetation is well shown in Table No. 18, page 
37. The stream-waters of this region are good when not artificially 
polluted, but they carry a large amount of red mud when slightly 
swollen. 

The Cretaceous formation, or clay and marl region, is a level belt 
of country, the elevation rarely exceeding 200 feet. The portion 
northwest of a line drawn from Bordentown to Raritan bay, at a 
point about midway between Keyport and South Amboy, is nearly 
all clay, overlaid with sand and gravel, which reaches a considerable 
depth in the northeastern portion. From 40 to 60 per cent. of this 
is wooded. The remainder is made up of alternate strips of marl 
and sand and is the most fertile portion of the State. An average of 
about 8 per cent. of this is wooded, and the remainder is in a high 
state of cultivation. Because of this and the prevalence of marl and 
clay outcrops, the streams are, as a class, the least desirable for water- 
supply, and are frequently quite turbid. There are conspicuous 
exceptions to this rule, however, as portions of the district, being 
more sandy and gravelly, partake largely of the character of the 
Tertiary formation and furnish excellent water. 

The Tertiary formation has been quite fully described under the 
heading of coast streams. It is a country of silicious sand and 
gravel soil, the sand being in some places much like that of the sea- 
shore. It is covered with a scanty growth of pine on the uplands 
and in the swamps by cedar, which is often dense, and with which 
the streams are nearly all bordered. The waters are very soft and 
pure, but usually have a brownish tinge. 

The Geological Atlas, on a scale of one inch to the mile, showing 
the surface geology of the State in detail, which is now in prepara- 
tion by this Survey, will give fuller and more accurate data of a kind 
which has a more direct bearing upon stream-flow, and will be valu- 
able to those who wish to study these conditions more minutely. 


A BRIEF SUMMARY OF STREAM-FLOW. 


For the use of those who do not need to go more fully into the 
subject, but who wish to have conveniently at hand the leading facts 
regarding the streams of the State, the following summary may 
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prove useful. We have endeavored to include in it the facts most 
commonly needed for preliminary or general estimates : 


RAINFALL AND AMOUNT OF RAIN FLOWING OFF. 


Average Year. 


Rain—Inches. Flow-off—Inches, 


‘Kittatinny valley and Highland streams...........ccsseceee 44.09 24.41 
Delawarerabove PT rentons.:..sc.ce.ssatiesesecs-osentesecosSoees see 45.29 24.75 
ZASSAICAWALCT-SH CU tere. coscescosseescemtetecrcseetessasecesee tes es 45 21.30 
Red @sandstone streams cecsetessnclevaceatsscessrtersecceeecccaes 45.94 21.72 
Branches of Delaware, Trenton to Camden.,..............00 47.22 20.66 

s e Camden to Bridgeton..............+. 45.88 19.61 
MCOASt! SULCAMIS.ccarncessn-ucceseseserenerices nace secetoncescy es na donnG 49.10 21.88 


Driest Calendar Year. 


‘Kittatinny valley and Highland streams...............s0000 31.63 16.82 
DWelaware-abovewbLrentOnhcrswccsssssscscasedovesrseaeesesecasses 31.63 17.43 
BEASSATCHWALCE-GUCCnunnsserescctsaseosereciticcecssucsmessencetoveuss 31.63 15.53 
Red sandstone streams, Hackensack............ssecsesesseeses 31.63 17.68 
ws « oe WALA ssrasespecteeeseeseorconsessecans 31.63 16.25 

eo i ss emallstroamis,.:co7.<coses se seseses os 31.63 14.83 
‘Branches of Delaware, Trenton to Camden...............+66 31.63 17.62 
a Camden to Bridgeton.........s.s000 31.63 17.62 
Coast streams with moderate ground-flow.......seserseseseeee 31.63 17.62 
s “large ground-flow............ esdodadtessaboc 31.63 18.65 


Driest Eighteen Consecutive Months. 


Highlands and Kittatinny valley streams.. .............006 51 21.06 
Delaware aAbover LrentOn suse saccnscescsaneressavescccecsesscce 51 21.24 
PpAssalCuwaben-sU eC sedesccecaeriac cercacsensvaser see seareescesse reece 51 17:97 
Red sandstone streams, Hackensack...........sessessecesseeees 51 18.26 
ce a see anitatieesaiccsemecccaces eccdestoccsee 51 17.03 

os ee SST ALIS UnCANIS eeeeesenarr dans masisecias 51 16 
Branches of Delaware, Trenton to Camden.............-.6+ 51 15.87 
ee ss Camden to Bridgeton................ 51 16.87 
‘Coast streams with moderate ground-flow............:.cses0+ 51 15.87 
ss sc Ce larce: SrOURG -HOWscresaccresces secs eee 51 17.14 


The average flow daily during the driest month on each of these 
streams, and the probable flow for the driest day when not held back 
in ponds, are as follows: 
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FLOW IN GALLONS DAILY FOR ONE SQUARE MILE OF WATER-SHED. 


Average for 


Class of Streams, Driest Month. 

Kittatinny valley and Highlands with ordinary water-sheds... 81,000 
a og Me * “ “large ground-flow....... 140,000 
Delaware above Trenton............. eeeees CASS IRER SEED a edeeanne asi 127,000 
IPASSAICH ese casev ements PRTC ee Re suerisea ces eshecwassets esas seeenaiionces 127,000 
Red sandstone streams, Hackensack.......... Pe Niesenaenes seoateewaas 123,000 
ef us = VARI LAT Eeersrdeasenetanseceencedeess Secee tess 84,000 
oe s oe BinallestreamMstsce.ssstecccossesesecacecacsaes 22,000 
Branches of Delaware, Trenton to Camden...........0s:scseeeseere 168,000 
4 su Camden to Bridgeton... ...cceseeees acters 168,000 
Coast streams with moderate ground-flow....scsscccsereveeeeees .-+ 168,000 
sf Y ATOCCLOTOUNU-HOWesetectacate acs oicUecseanecsesoscs 168,000 


Driest 
Day. 
81,000 
110,000 
110,000 
110,000 
122,000: 
84,000: 
5,000 
120,000: 
120,000 
120,000 
168,000 


If we collect the surplus water of wet months in storage reservoirs 
and draw upon these during dry months, then we can draw from one 
square mile of water-shed the following average amounts of water 


daily during the driest periods: 


GALLONS DAILY COLLECTIBLE WITH STORAGE FROM ONE SQUARE MILE. 


Kittatinny valley and Highland streams..............ssesese soeee . 666,094 
Delaware river above Trenton.............. Duacetsapovsssreceseasetenee 666,094 
PASSAIC TLV ELicvesccsesosecverees soars suede tase cenentee Coe E DOLCE DEC EONE 666,094 
Redisamdstone streampiesssunesseccsssuscesdcc-nesereccclsonemastessacenene 570,938 
Branches of Delaware, Trenton to Camden.............cs.seeeeeees 570,938 

a L Camden to Bridgeton.......scsessee seeeee 476,090 
Coastistreamis:ascsancceccenese sesaseeceraa senate ts sea seeecaae Perec dhirere .- 570,938 


WATER-POWER AVAILABLE FROM ONE HUNDRED SQUARE MILES OF WATER-SHED 


ON ONE FOOT FALL DURING AN AVERAGE OF NINE MONTHS IN 


EACH YEAR AND DURING THE DRIEST MONTH. 


Theoretical Horse-Power. 


For Nine 
Class of Streams. Months, 
Kittatinny valley and Highlands, ordinary streams............ 6.9 
Ls rf = steadiest streams......... An seats 
Delaware above Treniton...........+.. seer aetcctcas sebecenceetes Ses eese 7.9 
IDASBALOMTI VED sscesectscsbicskeccense noes Rescea ede dstecdes donne iaeeodnensy | AD 
Hackensack river.......0...00+s. aedduissesaee case atisceees Receeee Sccorevee tiD 
[Raritan nivier.cscdes.sneece sees stances soe aneeaaeetiane’ Waa ada Saco ad 
Poorest of red sandstone streams...... meeeeasaack meen seeeesep ails 2.8 
Sireams from: Lrenton’ to Camdensscssecceseerecescecensanens PAO sails: 
Streams from Camden to Bridgeton.........ccrcsesssvsssassconscons 7 
Coast streams, ordinary........... ua saunas OCRCCONCAEESRaonce Severe, 10: 
“ ““ 


POOLESUassosnecseterees Baodocnocuedopadsesoodonscanca. «flat 


Driest 
Month. 


14 


APPENDIX I. 


A LIST OF THE DEVELOPED WATER-POWERS 
OF NEW JERSEY. 
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WATER-POWERS. 


From a Canvass Made in 1890-’91. 


a 


This list is intended to include every water-power in use in the 
State, and also such as have been recently used to an important extent, 
but are now unoccupied. The net horse-power is obtained usually 
from the capacity of the wheel-plant, taking account of its condition. 
When this was impracticable it was taken from estimates of the 
owners or managers, or from the amount of work being done in the 
mill, The gross horse-power was estimated from the net, and shows 
the amount of power needed to drive the plant. In estimating it the 
general efficiency of the wheel-plant, or in cases where the net power 
was taken from work performed, the efficiency of the whole of the 
machinery was considered. This gross horse-power, giving the 
amount of water actually needed to drive the mill, taken with what 
was learned as to the number of months in which full power could 
be used, furnishes an indication of the usual flow of the stream. 

There are difficulties met with in making such a canvass as this, 
which render entire accuracy difficult to attain. It is believed that 
this is a fairly accurate presentation of the interest, however, as it 
stood at the date of making the canvass. 

The power is divided among the several industries as shown in the 
table. Grist and flouring mills use 39.5 per cent. in northern, and 
49 per cent. in southern New Jersey ; 42 per cent. of the whole 
power of the State. The average power of these mills is 28.6. Saw, 
turning and other wood-working establishments use 10 per cent. 
north, and 23 per cent south, or 13 per cent. for the State. Their 
average power is 15.6 horse-power. The mills classed under fabrics 
and fibres use 14 per cent. of the power, having an average power of 
74.6. Paper mills, being large users of power, are placed under a 
separate class from fabrics and fibres, to which they really belong. 


(3) 
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They use 10.7 per cent., with an average of 118 horse-power each. 
Iron-working mills use 10 per cent., and average 65 horse-power. 
Miscellaneous manufacturers utilize 11 per cent., averaging 56.5 horse- 
power each and including a great variety of industries, among which 
may be mentioned the manufacture of photographic lenses, grinding 
of soapstone, driving of pumps for supplying water to cities, and of 
electric-light plants. Paterson, Trenton, New Brunswick, Passaic, 
Millville, Somerville and Raritan, Lakewood, Wenonah and Nutley 
have each a water-power pumping-plant for water-supply. Boonton 
and Lakewood have electric-light plants run by water-power. 
Classifying the northern streams by entire water-sheds, we have : 


No. of Net 

mills. horse-power. 
Delaware abovierULentOm.-sascscscscs asses seearee seers aecaaers 186 6,658 
\iVE SID el eA shep eee cccacngnscunent aces peszer cree docu oaadnhe Sirs LO 598 
PASSAIC cscctnenertstecdenes skeen tecticccetcain schema cecanceeeesecene 216 8,924 
aGkensack=scctirceecsecatac deter anette ce. soe moet eit e eat 25 404 
liza bet hiss: wastes veocseensgicdecieeates amano hae aac cea tos 2 36 
Rigi vaca commaaenesignsenctts ereuice tec tos scisodre se cecmcesenas 15 356 
FRANUG AME see snoe ech cetonerescsesascae soso 3: ocho eee mimes: 171 5,993 


The Passaic stands at the head of the streams, in both total horse- 
power and horse-power per square mile, the latter being 11.3. This 
refers to the streams as here grouped, however, for the Musconetcong, 
taken separately, shows 12.9 per square mile. Of the other Dela- 
ware streams, Flat brook shows 2.1, Paulinskill 5.4, and the Pequest 
6.1 net horse-power per square mile. The Wallkill has 2.8 and the 
Raritan 5.4 per square mile. The southern streams should not be 
expected to show nearly so much power per square mile, as the fall is 
much less and the country more sparsely settled. Crosswicks creek 
shows 4.7; the Cohansey, 3.6; Metedeconk river, 3.5; Assanpink 
creek, 3.4; Maurice river, 2.8; Rancocas creek, 2,3; Great Egg 
Harbor, 1.4, and Mullica river, 1.0 horse-power per square mile. 
For the entire State, taking the land-surface at 7,514 square miles, 
the average is 4.11 net horse-power per square mile. 


ESTIMATED VALUE OF UTILIZED WATER-POWER. 


The total amount of power in the State is 30,870 net horse-power. 
If we assume an efficiency of 70 per cent., which is about what is 
obtained with good wheels, we shall have a gross horse-power of 
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44,100. In reality more power is required to run the above plants, 

as the average efficiency is below 70. Taking this power to be worth 
an average rental of $22.50 per horse-power per annum, or about 
two-thirds the rate at Paterson, Passaic or Trenton, we have a total 
rental of $992,250. Capitalizing this at 10 per cent. would give a 
value of $9,922,500 for the water-powers of the State. If we add 
to this the value of the buildings and machinery in the 903 mills 
using water-power, I do not think the most conservative estimate 
would make a total of less than $20,000,000 to represent the value 
of the water-power plants of the State. 

In order to fully appreciate the importance of this interest, how- 
ever, we must consider the great wealth which has been brought to 
us by the development of these powers. Paterson, now a city of 
78,347 inhabitants, with large industrial interests, was created by and 
has grown up around the water-power of the Society for the Encour- 
agement of Useful Manufactures. Trenton, with 57,458 inhabitants, 
and another of our most flourishing manufacturing centers, was only 
a village when the water-power was created, which formed the nucleus 
of its rapid growth in population and wealth. Passaic, with 13,028 ; 
Bridgeton, with 11,424; Millville, with 10,002 inhabitants; Lam- 
bertville, Boonton and several smaller towns, owe their being and 
industrial importance directly to this cause. 


LARGE WATER-POWER PLANTS OF NEW JERSEY. 


Net H. P. 
Stream. Location. Fallin feet. in use. 
UPASSAL Cap sniaeteuian decease es cnaeees PatersOnicseccsesses se sacses 66 1,760 
TERRREN hos ancen.cos Bee stegaciste neato PaSSalCe ccuesecsnacnesbisecee D2, 1,235 
ROCKAWANY ce aescleaitsas sncstancad: BoOontonteccaccens cee ere 101 970 
IDEN ENR sessonocqodose SacnboNG0000 aman ertiyaller tresses. 9.5 to 18 TAT 
South branch of Raritan...... JEW) oy ISNA conadbandoon AT 730 
IMA UINVCe LIVED. csp sees ve lesen IVIGi iat Meteree as acesteecesicetsc 22 690 
Delaware ees ccscsese.enceseearac SRREMLOM poeeedcssecsencsees 9 to 17 589 
Musconetcong.........sc0saseseees Riegelsville.............00 20 430 
Musconetcong:.........25.s1.10+. Warren Paper Mills..... 48 360 
Great Ege Harbor.........s00+ Mays Landing............ 10 342 
IMMSCOMCLCONG rene .cseses essen er es Hughesville ......:....26+ 27 340 
(Dapsancetemtaecacte sovtseeoscsases Mittle: Hallgt nc. sc«cesrseoe 14 320 
Pequamnockeede-cssess2s< sae TTI aOAG spebognacnoneodoe 380 260 
Jae ENB Y socoobaacendnteeoussdosc: OldeBoontont: acme: 30 260 


EW adit o ePiV.ersscestercie'ecne cele Je eieTaR TE eoncopoqopocenaguess 12 225 
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APPENDIX i 


THE DRAINAGE SYSTEMS OF NEW JERSEY. 


AREAS, PERCENTAGE OF FOREST, POPULATION. THE AREAS AND 
DRAINAGE AREAS OF LAKES AND PONDS. 


D (49) 


DRAINAGE AREAS, FORESTED AREAS AND 
POPULATION (880) OF STREAM BASINS. 


aaa eae 
ikea ete 
oD) EES |) ee Ey 

WATE KOLESEOR STAT HPIGIN Haversscceteccotstocssesseeneerccnces 210.1 20 Al 
Rochuckwereek, toiState linesscs..cesccssccccessssscsecssescesecsee | 58.7 55 25 
Woawayeuda lakenc acy. te jaw enbr dane aus | 65] 64, 85 
Papakatin gicreekiisc..sescsshoscessstiesssgsssestereostesacssessescess 62.2 14 58 
Warltkilstosiranklinghurnacets-sesscnssssscssetoeecreseeesscesseos 31.38 51 26 
Morrisspondncscsscosscscscttereccccenteconcccscensade hieeoces soe} 1.5 66) ccc-te ss 
HACKENSACK RIVER, TOTAL WATER-SHED......... 201.6} *36) 216 
Hackensack above New Milford.........c.cssesssecossseeees 114.8; *60) 125 
Hackensack above Pascack creek..........-scssseseeseseers a OS Olecceatece| seaneeens 
Hackensack tn, New YOrkiv..csscsscensoccecnestenessrecnssias OSs ee cece 152 
PASCACKKCTCE KencsdesasesccesssScnoccsacdssecesiccecsssaecsorsesce: 28:0 | cesvetaeal eeeteesee 
Musquapsipkwcreeki.csossssrscsececscecasesoecesscseussresstess TOI Sceececeelevssontes 
PASSAIC RIVER, TOTAL WATER-SHED....:......... «0. 949.1; *44) 338 
Passaic river above Dundee dam.............scsssecscesesereccees B22 4 ee coccsce|veccseeee 
Passaic river above falls at Paterson.........ssscssee seveseereees TEBE) nscoenoos 85 
Passaic river avoveuittle ial latersssccmassiorcereracsocsesedonec|(n (iiiacO|oneceusellacccerce 
Passaic river INONCW YOLK iccosrs0. ones ccsscsvesesceercoceeseceoes 148.6)......... 42 
Second river....... ROS EREOR CCRC Ceer seks cen cesaeeun sve sesbes seta oesoes 17.2 10} 1,400 

(i indinivienswecsseseersssasees> S000. Caogncnungnacooddadaaane ac0uononeeT 14.4 23) 276 
SADDLE RIVER, TOTAL WATER-SHED .....sssesseeecsescosscenees 60.7; *28} 122 
Saddle river in New York............ccsccscssccescecsscsenes SiO ecaeeense 84 
Hohokus creek above Hohokus...........00+8 DENOOCAOOLERAO 15.7 34 59 


* Percentage of portion lying within New Jersey. 
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2 
POMPTON RIVER, TOTAL WATER-SHED.....-cscscosscesesecececs 379.9 
RAMAPO RIVER, TOTAL WATER-SHED.....scececescoceseee coors 160.7 
IRamapomeNew \ OrKy.s,cvccccsenacccessecteeczessderereasvees 112.4 
WANAQUE RIVER, TOTAL WATER-SHED......scsceeeeeeers teens 109.6 
Wianague in SNew, YOrksitecs.usvescsssercececsnseoseseiscsaes 28.2 
Greenwood lake, total water-shed.........sescsecesesseeeecs 28.0 
Greenwood lake in New York..........sccsscceseesees 10.2 
PEQUANNOCKSRI VER acesccssennseredosssesnuete tascam nannies 84.8 
Pequannock above Macopin intake...........ceccsesssceees 63.7 
Ma copintlakerccersac asc ccoecsseceoserscestansas uarescoueenes 25 
Pequannock to Oak Ridge reservoir..........ccsseccveeees 27.6 
Sircklespond st ccacechodisseetecucvsncrsecess s sueeeanin ao neee 17, 
Mossman’s brook to Clinton reservoir.......ccssscreeeeeees 9:9 
TAMIR SBD OU cveces ccsesteeracnevecasmassvsceree teeta tat eaeeeee aif 
Codanspondiwrcrsscvassccsaeccssccennne OO COOOL ECOL Bee 1.0 
Buek-d-bear pond we.s075.tss5es.scasveseeccacnce coaateneera eos 1.2 
Dunkergpond:s -eccsnsccomtna vce: cuspeesehersec cose eect ee 2.7 
ROCKAWAY RIVER, TOTAL WATER-SHED........cecescccncesees 138.4 
Rockaway above Boonton............cc-sescsecesesees Season | 118.2 
SSLON VsDLOOK: vsessacectsancs coesemectoet oitee as cera Tee 12.7 
Shon guys PON. sd senos fovecaee Wn aners Ieeen emeeeenmaerte 2.9 
OAV ETADTOOK ar as secissseesicccestseek deerccc settee ee 22.1 
Splitrock pond <tesd.ssticsssvvcevs nas hiocacgeeribertececee ed 5.3 
Green ROmd Wraoke a cosicptactcdeteivewa covered ote ae 16.4 
Green Pond brook to Middle Forge ........c006 sees 10.1 
Groen pond ca. oitlet. 7 casemate tects ene Mey 
Rockaway above Port Oram,....:...:.ccss0cessseceseascoess: 29.9 
NWVLEE- PANY SRI VIER sp seccsasaascnssuvestsessaceestertentsurent toaeetets 714 
DLOYIELOOR.., «20s ces tnaOsccart geen cetect ene Ree 15.2 
Whippany above Morristown............ neccess ciapen caiseetess 25.4 


* Percentage of portion lying within New Jersey. 
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ae facta oe 
ew |es | as 

PASSAIC ABOVE) CHATHAM. .cccscstvcssecrescanscesses Re aseceeet see 99.8 23) 121 
Passaiciabove! Millington itcccss.sscssscossesersocesesesessses 53.6 26; 140 
Passaic above Hirankliniesns,sscrscretetcesevesseccoseese OIE cerca Nenansess 
ELIZABETH RIVER TO LAKE URSINO.......+0.scecsvessoscersees 17.4 13} 228 
LY ATER. TRLNAD S6., coon pGsosagoanboocguosatoncapndanscoobe ceuosunen 83.3 24| 338 
Robinsonisapranch'sc.c0cssscecresscajissnsiasseieessobeasorienens 22.8 22) 183 
Rahway river above Rahway City........:sssssseseseeseeees 41.0 30; 350 
West branch of Rahway above Orange reservoir.. 5.0 44 70 

Athy WEVAUN RILVUBIEY acres best eves aitecpicassscuenseccenienseestesotocsess 1,105.3 16} 105 
SOUMEL RIVER ecanasennses seer asses seasersssatncs cesses escerendecesesiee 1382.8 25 83 
Manalapan brook to junction with Matchaponix...... 42.2 19 84 
Matchaponixmbrooksemererttscescdscccucsusscereccsss naeeees 45.2 14 86 
LAWRENCE'S BROOK ABOVE WESTON’S MILLS....+0.se0eesee+ 45.0 17 59 
RARITAN ABOVE NEW BRUNSWICK....cscecrcsscsceseceeseseese 895.2 13; 93 
Bound Brook, including Green brook.......sssseecsseees 61.5 22; 330 
Middle brook above Chimney rock........s.sscserseeeeeees 16.7 24 43 
MESON DER IN ERE te eastecaeeuencctsscsssseness sanction cccrensudes: 285.7 9 78 
Beden’s brook... ssssss+s+- Ft eae RE) Late! 49.9, 11) 59 
Stony brook. ........... Reese ouneccsssotusscisaccseeateoossseee 64.8 8 79 
Millstone above forks of Stony brook........ccessecsecreee 98.8 12 75 
NORTH BRANCH OR ARITAN scstrses-sccecsesnecssacesesscceser 191.6 13 72 
Wamingtonlor Black miyetsr-scsocsecanaccsecesnssscessresss 91.8 14 80 
Lamington above Pottersville...........+esesesseeee S801, An altars 
Rockaway, Creeksessseinesisssssaccovscssrepeccessseess 39.4 12 66 

North Branch above forks of Lamington..............++++ 63.6 16 79 
North Branch above Peapack brook.......++-+++++++ aby el are 

SOUTH BRANCH OF RARITAN....ccscecsecsceseeeecsssesecens Eomeee 276.5 13 79 
South Branch to Califon..........csecsecrereee mavessiees ESO berscacad easanosan 

South Branch and Turkey brook........s.sseseesevees WES cseecsees| eneeencer 
NeghamiG river.....cocssssoscccsoscoveverncsvesceesassencescosens 56.3, 6 81 
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Oar ibe 3 

a lau ieee 

Be? 28 

2 |5e/e8 
Spruce run, including Mulhockaway creek.............+ 41.2 15, 83 
Budd ’silake::sss.ccscvccsts dsievecsoscavesesseascoresstsececeqtees | 4.5 24 62. 
NAVESINEGRIVIERStcscacscerc serccesoccssacesssesesersevayscesusessseen | PEM eaioecece aacccets 
Swimming river above Red Bank.............csscsssecreees | 66.4 11 58 
Hockhockson brook aboye Tinton Falls..........6.., 11.7 52 51 
SHREWSBURY RIVER TO SEABRIGHT BRIDGE.....ececseeceees | 29.0 | eacencealtoenass 
MELA GR CBON DH ROOK sx; secsseencereteein seed otachas atone gms 35/151 
DUE, THAT Fo 6c oddone cdc noopoddc oscaodddcnduachochacheodoseospeatodc | Gali accanads | eeameuer 
SHARK RIVER, TO BRIDGE AT HEAD OF BAY...ccsececseseees | 16.9 59} 162 
WIBECKS PON Ding. cccsesoatiedentesecauccscecsearescheceestaccereatnsetecs 12.8 29; 118 
MAN ASG UWAINERIVGDR poceca in cere cece octet citer cee mit een tas crteaene 80D remesecceleceeseres 
Manasquan above Upper Squan bridge........sssecesesess | 647 82 82 
METEDECONK ABOVE BURRSVILLE.....00.0:scsnecssesczococcooes 73.9 68 25 
North Branch of Metedeconk:..........c0500.scccasecseveons AS Qin ccdnea| pereaee 
South Branch of Metedeconk.............cccosseseoosesenneee 29.5). vengenl teaacoeee 
South Branch of Metedeconk above Lakewood......... 24.5 75 18 
TOMS RIVER ABOVE VILLAGE BRIDGE......0.00. saatecesencender 163.8 94 ale 
Toms river above Ridgway branch...........cccccssseeseee Nine OSS0 | cone ner colessgance 
Toms river above White’s bridge........sesssssesseseeceeees 45 Ol er vasa costetace 
Bidgway branch .s.1s.ancncccrts= ores acereesteee soccer CeO rest ceaclesetenee 
Wn1Ony branches steven caeeteearee sae eee eae ee DU Ol rasaenedl eeneenace 
Horicon branch to Manchester pond ........ SG UDRODCONGGUEC ZO eecsorletee ene 
Davenport branch to Van Schoick’s mill........0..se000ee SAO Neonese ds Se asaeiies 
CEDAR CREEK ABOVE VILLAGES. .c-s..1 cssssssssaecseccenesoete 55.8 99 a 
Cedar creek to Double Trouble.........:s.00eces.csceoseooee Le Seceaciinn hashes 
FORKED RIVER ABOVE VILLAGE......sccscsosssccccsccescnssaces 14.7 98 1 
MILL CREEK ABOVE MANAHAWEKEN...eccesccscecenscccecsesace 19.7 97 6. 
WESTECUNK CREEK ABOVE WEST CREEK BRIDGE.......... 21.0 96 5 
TUCKERTON CREEK ABOVE TUCKERTON..,......csceececse sees 11.9 93 25 
MULUICATRIV ERescensscivecodcaiscanacneeteuaccsnarseorcrneane etn 569.6 90 22 
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eB | 6 uy 
= © a 
a js | 23 
CsI 
== p= Oy =| 
= oH | Oo 
D aS | os 
Bass river above New Gretna road........cscscosssceeeveces 16.8 95 11 
Wading rivierstsscescrc suas scsecssnscasccvusccs Nas sassensteess ses 188.9 97 
East branch of Wading river............-csccs-occrsee ' 65.5 98 6 
West branch of Wading river............csessssceecees 92.1 99 a 
ee river above forks of and including ey 921.6 88 19 
WCIMe cree One cenioan nos cuaiee crc chnaiec adiemeceaeeevecpees 
Atsion and Mechescatauxin to Batsto..........sssseceseees UBD covecsceeledesessse 
Batstosrivier tO BatstOv.ccse ssccsesscceea canes estas'esesseneses | COD | eodeenes|eeses ace 
Nescochague to PleneanteMillsses.stccciar sarees BLED nenonccan Secoonccs 
Hammonton brook to Pleasant Mills............sscsessseee Fee OsS | scccsceu'| Sitece acs 
ABSECON CREEK ABOVE ABSECON......cescsseessssensseeeeeereoes | 18.3 97 8 
H 
PATCONG CREEK ABOVE STEELMANSVILLE.......sessseseseeees Hae e22al 81 53 
GHEADYNTY THEVE! TEU MAIO, 42510720 Sooo soenocdoabou donshonsmeaneisangopeNs | 387.7 88 21 


Great Egg Harbor river above Mays Landing.........-.| 215.8 88 26 


Great Egg Harbor river above Weymouth...........-... O20 | Secueaea|seceesers 
Great Egg Harbor river above New Jersey Southern } BORE 
PALITOAG..-.s00 cece acersssccanostcteveseyereoreasscoevsssseru SP | tg 

Hospitality branch..........-.ccccceeesseecesoreeoeeesoess . 2000" BUND anGoadonllacoceanoc 
Babcock’s creek, Mays Landing.........csesseesesseesereees 21.2 98 12 
Deep run to forks........sccececosessrcoscenccesccesenseseassenes O26 seater eres bacon 
South river, Monroe forge...... cs.sseceserscsscescrsceberees TD) ecsanoaeal atindccocd 
Stephen’s creek to Estellville...........c01:--:seesseeeeeeees nO. | Sceewee Allsienooans 
TUCKAHOE RIVER.....000.000cecceccescoscessrscsssescosscocosrscsorers 99.8 81 15 
Tuckahoe river above Tuckahoe..........seseseeesescesenees 60.2) 95 9 
MAURICE REVIMR siesameaiseraksrssastssecssersercvsececanessesces2se- 386.4 70 72 
Buckshutem creeK.............:..sccssesssesssscsescers adress TE Se edescoaal lsaaccooee 
Manumuskin creek. ..........scsccccsescescsssceesscsesccecoees 38.7 94 17 
iIMananticoncreekucceseccccrscccssesnicesecteccceones ee a aC 79 38 
Maurice river above Millville........-....scscsecsesessessens 218.4 67 63 
Maurice river above Landis avenue............sssers " 114.1 66 55 


Maurice river, West branch to Rosenhayn......... Pon h en eres 
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GORANSEYVGORMER cease orucesrsue curcceensansacsianerexsceeenactanenees 
Cohansey creek above Bridgeton..........sssseccsessseeeees 
DELAWARE RIVER IN NEW JERSEY..................00. 
ALLOWAYS CREEK ABOVE HANCOCK’S BRIDGE......seseen08 
Alloways creek above Alloway..........sscccssescerssecrees 

SATEM | CREBKAt sn. s505 <ovecsaronsasteseoaccsnncesceacuesveses creations 
Salem creek above Sharptown............ssscscsssensseessens 


OLDMAN SICR EMEC. ceu toy coven ccontt thecect rotate metorereneeneetes 


MAND UAU GCREBEG gat neue7 Saponscsescsctsta dene .ocseeiece stots se naceres 
Mantua creek above Berkeley............ssscseseere seceeees 
BIGWIM BBR CRED a eccrcrceretisteectaceetssensrestesene swercsees 
North branch of Big Timber creek............ecceenseeeee 
South branch of Big Timber creek..........ccscesceseseeee 
COOPER STORMENG sessaceatetrantancuccetrenoites aascetn one etna 
Cooper's creek, south branchi...cs4..-.sescaccesveeceets eave 


Cooper sicreeky north branchiveeccieeeencremcnee trite. 


FORO hoe mere Oe ee or essere neeraraennee 


OOOO e es omen eau semeneneae 


ee g * 
& | Square miles. 
— 


cli: 

me te 8 

ae | as 
20) 140 
13 54 
30| 129 
27 58 
10; 128 
8 112 
14 52 
18 46 
12 91 
12 68 
16 106 
17 83 
25) 83 
27 68 
27 62 
16; 208 
21 62 
16 65 
10, 109 
12; 118 
7 71 
61) 58 
57) 40 
75 62 


leeerevese 
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iq 

, | ew [es | ae 
ASSISCUNK CREEK......0sssesceeees Bessa can sen ss sence Siocoodananuer 45.3 4 58 
BLACK’S CREEK TO MANSFIELD SQUARE POND....cseceseeees DOT gevs coestlesoacere 
WROSS WICKS ECREE ncn ssereeneoriinaesetsecsocnsteenceecese ccs apes 139.2 20 62 
Crosswicks creek to Walnford..............++- Dceiesettncmen|| MmosOl tccamtealeasecenss 
Doctor’s creek to Yardville......... weeeaeeeogteesecnece eres LONI |Incheroscel'sesees et : 
Doctor’s creek to Allentown.......... vaneaecsasedatess W732 252 sti0e|'s sserale : 

Back creek to Lowry’s pond.........cseccsssesees S.Oleisasemsstvare ones 
FASS AUN PEN ICH Okt EH teceatitecineriessnesicneve stones renee Riiececewes 89.6 9} 253 
Assanpink to Lawrence station............06+ eiencoseyetenes DA Sedeasess Sereasens 
Miry run....... dogsoagaaooanscxGang> Sapsusesadescersinaieceeci ethene LS.0 parece Goalsesersese 
JACOBS CREPKGpsenescetaaneccssen ssa edoacesesees Stetsaeteneeadeaenes 13.3 9 72 
RIGEXSO CKMNE CR EE Kactsscnacecestnese seusctecestseceee secs ss Ceeees -3|, 14.9) 18 60 
WACK RCH MOK MECREBK nitccesscesecserpecesessssceueecvesesantnsences (fan ea0co 13 67 
LOCICATONGEOREDK crensaciesssssesesepssnsos tes Caceieeas sastaten cee MZ 15 45 
WICHISAK AWICK CREEK... -coscsesscovesssesesetssieccvssonsoensens 10.5 13 45 
HARIHOKAKE CREEK......0.0:000 eeseeee Scandouanacsanonoce snccnden 10.1 13 46 
TEAK OKAKS, ORNMKinterasseucisstsessesisestessesecesnsvesessnse 17.4 16 48 
MUSCONETCONGH RIVER oc sssecsctssecicsssectsseetsssseccscsocesaree|i LOU LO 39 71 
Musconetcong above Hackettstown............ Sirinanactoes| (EAE candoochelloondaad x 
Musconetcong above Saxton Falls......... S005na000 sodieeacall WEED écaacoos|loorseados 
Musconetcong above New Hampton...............eeseeeeee LUPE Ipeponcand) SaCaOR Acc 
Musconetcong above Warren Mills............ detssatesee’ LAO OM eas sces|caescecss 
Lubber’s run...... nsec ogconse Meteceseetecesss seeeeves saeseenentess 24.1 87 15 
WakesH Opatconp eerstsmscnccsecssrsscessercceesrdssscerisserrel imme Ore 94) 30 
POHATCONG CREEK ..2.2.2.0.0c00 2cce. eovevessescccsserscesere sense: 56.2) Ny) Pe) 
LOPATCONG CREEK.......+0seesesecreeee Ba nCOIOGSOSLOND ndounicadscc0s MENS) Iaaptosadollsacccnace 
PEQUESTURIVER sss0crscrccscss soo PAIR. eae cae Mec te th aes econ iseeest lee OOEa 18 58 
Pequest at Townsbury............ Reoa sive ncn stetottesneranseos 88.4].....+. ail\Saceaplons 
Pequest at Tranquility.........csccssecssecerseceeseoese SOON DAOlneaeeateral tet eatien ; 
BeaveribLoolkccmresmsrocsseccessceescerasecscpseatasccnicercssaass © Stell 18 47 
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Heeae 

Ee lie ees 

a|% | 8 

s | sele8 

gis | es 
Beaver brookat Ope. csccsvssuccessctsaseaccateseett sees 8) ee apacodllecounobcn 
PAWIGENEKSMG eenan seen sscencetvasterecasccacsererscecccracccsrerceteccn: 177.4 27 54 
aulinskallbat Balesvillesscscscsaessee secusssseescccstceneects 66.3} eeceees ag|logbocoace 
Siwartswood lake. ccccoccusseccstesccesencceuccesecctertoset cere 16.3 22 33 
Culvers@pOnd..iccesecscsseatecststseaserscerecteretccate tener 6.3 83 30 
HOUR PONTE ccccesacetacansecesseieveceesi readers catecstenes 2.5 80 30 
HUATEB ROOK secccascascsastenascacusencsasedsantencatteaser sere ste teas 65.7 54 21 

Big Wlat brookstOn WOrks wccccsaescocesescccoteccterescreece ce SB HY lecaaceonul 

MnitthesHilat DLOOkbOMMONksesrcsestecsaeaeetes ee meet eter atey L035) Weeweecl eeceaes 
*Delaware at Port Jervis.....sscccssceee suas seansoesbareeceaaeeees S54 ra sel esccierocie: 
Delaware below mouth of Neversink..........sssscecooesesereee SHOU Ubseeenaehl oocoe on 
Delaware at Water Gap, above Broadhead’s creek............ 4,020) Sasacwoelsemeecee 
Delaware at Belvidere, below Pequest.........cccccccseeeeeeeees ATAU Iercticnao |aenobacric 
Delaware at Easton, above Lehigh river........cscccccccccesees ASSO Mecesctaisesoenses 
Delaware at Easton, below Lehigh river...............ceseeeeeee G21 2 ee eeseaa|eeeeene es 
Delaware atsonll’n Ballas cc fetit oy cc<cuvseeececes. Saco ee 65750 || chats. oa lteeweeees 
Delaware ar ambertville,.cc.csvesscesditesecenscstoeiee ace ©5820). Josue seesceaes 
Jelaware apwendder'sMallscscascsscttenieed acre eee Oe O;894) Sicecsewdllesteceets 
Delaware at. Trenton -siii,0ce.cnseets -csede eee eviye eee OSQUG | Soeeeen sale acrotte 
Delaware at Philadel phia...,ccrvserercettsii.costest ete Bee SsUSG li cexccecalecdoccass 
Delaware below mouth of Schuylkill........csecssesssceessesees LOSTQO |earsonce|necenseee 


* These areas of the Delaware water-shed are taken from Prof. Geo. F. Swain’s report in Vol- 
ume 16, Tenth Census, and appear to be as nearly correct as existing surveys will admit of, 


SURFACE AREA AND TRIBUTARY DRAINAGE 
AREA OF LAKES AND PONDS. 


Ee 
Area of Water Drainage Area— 
ATLANTIC COUNTY. Surface—Acres. Square Miles. 
Barenintown, Lower PON ....s.vssanaccessenescenn cw acsasevonceases 73 20.66 
iDargaintowns lp Per POU ve sacccssecseesancacseteres seo veseessosees 57 11.77 
Gloticesterake.sercessaeacsisac vite Stic shtseieess sabcieevanagews as 85 23.58 
Mays Landing. mill-ponds. .coscsssacsscncdeséess sacs eseseesoeunass 333 215.8 
Bleasanti Mills scotthiondtsses.ccsese-coossseee cee recesecar ces sce BIR ayy Vo sess 
Vey outhpmitlil=pon deem ccrcsccccvestcscstessenccsessceceaes 205 192 


BERGEN COUNTY. 


Hranklinvlgd ke sncescesesctsccasvecosceeesconecassccce see seascaseaees 89 2.41 
TOULEM S POMC ascscahaaceqdicasensosene+srteresecstsere vanes aneatteness 25 1.06 


BURLINGTON COUNTY. 


Atsionvinill=ponds.cess. rs iesicadcsscesosesscecssesesss ee costeedossnts 77 43.71* 
BatStOmeUSt OMG. ccm scntaeceacteccadsreddecossacccsAseasecseccees se 89 69.7 
BOW Ns Mase ONG aces s,c0cceesssasetsercnsdecees <sestecteesacst 45 27.03 
TahovereHUrnacespon dirce.specsencan-wercsosacseodcetrassueatees 103 13.12 
arses ville, mille monde sr csrscenceciaccess teerv scour stonsseswds ances 101 155 


CUMBERLAND COUNTY. 


BIG CELOME UAT l= OM Ctesssieretessastoeterodearsseeccercessesees tases 85 45.8 
IMiMlwallermill pond rratsesecsessccattcscaddestscscesnsssersecsnesees 926 218.4 
Waltlow, Grovetmill-pondss-..cs.ccceseaesecsesesssescesescrcnsees 10 Sieh ek onstoto 


ESSEX COUNTY. 
OTANGE LESELVOIT.......20.2scarcceacevercessversscerssrossscrescescons 64 4.80 


GLOUCESTER COUNTY. 


Clayton mill-pond..........-cseecsseccescerescecereeecceesseereseeee 69 7.84 
Malaga Furnace pond...........eseecessees Restecseseasarnyretetoer 92 27.86 


MIDDLESEX COUNTY. 
Weeston’s| Mills pond):..-....-..0cc-c0eceoaccnssnecesceesterssen ser 64 45 


* Includes 18,02 from Mechescatauxin by a canal, 
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Area of Water. 


MONMOUTH COUNTY. Surface—Acres. 
Wom lakere. saccstssccvesscsrsacnssncunsnpescses Anita Rertrea pases 50 
Dealt lak@ieccsiscsecevsescess cvecee tercoteseilevisieswes-seasmanecnesaas 144 
Pilver lake.:.s.s.ssccessecsscoaovedsecsosssavasqsetscnnsesbverrevccsnsrs 14 
Spring lake.........ssccsecccseserrssvcenccerrsssscevenseensessrscenaee 18 
Sunset lake: ciascccsseorssescessstcceccctevceguecesavesovslscesbiegens ene 18 
Takanassee lake (Whale pond)........s0cssscessenerererereeeees 29 
Wesley lak@nccctalsiscssnccshssssevocssce steer cwsvaneranesasnoeereuses 18 
MORRIS COUNTY. 
Bud distlakew saceccsnscntececoss tes nesssovacetatces = sctennessesrsrseanes 475 
Denmark pond,.......-.5..s-sccoccceoscscvecconssonse seeerosccerscs 172 
Dixons pond erscs-tacdeucsse sere tridecciess seeeecteineysoWseoenrses 35 
DE ham POUdeesns.ses sso secs esnacsexcearensmciaversnermasyerccrers 47 
GECD POU seo eces secre sstpanaancdserscon-piecieercseesssesest es aase 460 
Hopatcong lake. escuss.scassacciocssdorsemawerastdsivensccitcosrseoh 2,443 
Middle orgespond)-pcsmccnsesccccsncsaceeccsvescsctneessscscssan ci 96 
IMGOSEDACK PONT aasssaerencs sesenserdecrestearannestarersarscsneces 21 
Petersburg mill-pond.... :2......0.c-ceccossceonscascssmaceccarsssens 53 
HON PUIMEP OM Osscrscaiiese scour eoaessuecicusersetsnerstecsnnecesudaasne 70 
I DLIPROCKAPONG ereerce sesame eee ctscenie savesoceuhteeess sacs veceoaanee 315 
Sticklewpond® mssvesccsne vos. 2- beach mccchuiinelans sos oneveso canes’ 110 
OCEAN COUNTY. 
Carasaljonlake(LakewOod|)s..cssesscosetisecdesuecesareenerserecs 97 
Cook’s pond...,....... AGES BO RHORED DU GOO RIE ROTO BOC IOU soo oo aC EKIOG 22 
Tptle; Silvers Akerrecesesa ct araesnosacens sotenstcueeeerscontersesos 16 
Manaliawkenpumll=pond:siec.s1sesc-veeeetscinereoseteesavnenesases 98 
OLAS anus pond Accconctiee sesh acaseeer cesses aint nese easccence 28 
Mwiliich teak: sacsnenccetetecotcntassscncaveneccorecyneaies sveaacttics 21 
PASSAIC COUNTY. 
Buckabearcpond 7,05, ecaotedsstene mene vee ences eset erence tasiees 59 
Cedar pond, recently enlarged.............sc-.cssesesecoreecsoece 218 
Charlottesburghymill-pondey..c.scvecnuecsceersstesesscesesaacser> 42 
Clinton reservoir—Newark water WOrkS.........ccossssereeeee 423 
Dunker Ponds cccsesscetecosstesseossssscavsvceastessacoessoussnestae 17 
MUN eC LAK si cccsuess sascevssstasscscachsscvsssdsesaerclscsdeesscates 224 
Greenwood lake ((totalarea):....-<oveacconsenessensscectssnss cose 1,920 
Hank's POD sc. .csccssqusnsisecucssessuecgacesocestceeceseetencsssssces ' 76 
Macopin@take sc... ccrnecesestieuseneadons os trteenssoeecces cesoenacets 299 
Mud pond sss. cccczsesceacesasscantesueetessatencacdvcsswcctae eres’ 28 
IN Op rOyPONd scc.clacasecosecessscuarcncs esc teneessusteusenceon ctosates 69 
Oak Ridge reservoir, Newark water Works.........:esecceeees 383 
PomptonWakersvcoscesesescstecssoe ts st cchetasesteceterslamemesesss 196 
Sheppard’s pond....... BOCCOCLUCEOSCEC Sueeosesvaties dense sensevsaitesss 97 
Dice's pond vo seoMsscatsaserceewoane ees oe eee 20 


Drainage Area— 
Square Miles, 


1.26 
6.16 
.26 


eeeree 


oeceee 


epeeeve 


ovecoee 


eserves 


eoeoeee 


aecseee 


oesovoe 


TRIBUTARY DRAINAGE AREA. 6L 


Area of Water Drainage Area— 


SALEM COUNTY. Surface—Acres. Square Miles. 
pUlom ay IiEPONC cissrcccseovnareovecrecsacieasers cexseeyt osicesees 122 21.9 
SUSSEX COUNTY. 

Bear ponds......... Bos So EC ECO GOBCOO COSCO CCICS Sav OUD Bako adOaRe0e 38 58 
IBUGKMITCHPOMGarcenenecr cesses vans stoeccwssste desteaee st cnecnessaes 10 75 
Catfish pond (near Stillwater).........scccessocrsssccesesracces 14 40 
Cranberry reservolr.........<0.0+..0ccvesse nddgbodsbosatodn obboadane 154 3.02 
Culver St pondinsecscccsesseseccentsscadescriecessuecs octastuceccaeces 486 6.3 

DAVIS PONG>. cercsuoeccnsstconsecsessssssnessccthasreeecesdsessontersvs 14 51 
Decker pond (Pochuck mountain)........c-sv.sssserseccosecoee 76 38 
rank ine inrnaceypondenccstsetcceaccietenestosse ser ce sees vrnaeces 55 31.3 

ewattise pondis.sscsseceuce- asco access A ahacoocehsadetoa nore 35 5.15 
opew.ell Murnacepond’...cecste-ss.seresevecsesnce steceveeesettes 24 1.01 
ETO WEIS: PON divesccsctecaegivccnests vee seecesesteencwsgesaereecestt er 26 21 
NANG: Sh POMC eccseeueosssccsseecse sss cones cseesaWenstveesceechcansssee 37 2.12 
NINE SS POV Ucecanesnecte ccs ovticce twas culsecssaevelsscunses tvecenncuees 36 3.38 
Wane’sipond, or Grinnell lakes n.sescscc--seovoesee accesses? 67 GIES 
ittlespond (SwartSwO0d \iocsccasconnecse mene eeseesevese sees ce 100° 3.1] 
ongspond! (near! Culvers Gap). cc-caiess.cssesecsescsccsrcesseee 299 2.5 

Moug pond: (mearPANGOVer):o.rsceesstercecosnssesteeeseescuconees 117 476 
Long pond (Kittatinny mountain)................ssecescsessees 13 46 
BOSCO PON sccecceceacscceresesseats sstcacecosctostondes tse ccuccctecess AY ie DL A epee 
Marcia lake......... ...00.. Pansche rctiesataniceiesesstcccenescsecease 23 14 
IMashinaconowpond can. wsdsccueecmedlsccsesacees Ac SR OOCESCODOODE 46 ste 
IN Wave) xen V6 bg SaGeat sage cdo sb nsdchaaaboarochbs tocsetidhécasoannosaosod 136 1.5 

Mud pond (Hamburg mountain)..........sssessseresesensesoeens 28 36 
IREVTRIRSE FOOTING lee oaqeadsoadnadaoneadoctiouoocdomodaD DN aancacacHinascodgac 41 A7 
@nickepoudeesnsrcs-secksedeseteisunncscccesesascsseatensttnetes 43 50 
TROD) TOE besooeelacdece0 canb ncenoa6od6o santo onpag sone soBEOcoNROsEHOON PE inna bea mas 
Round pond (Kittatinny mountain)...........scsesecsneecseees 33 .29 
Sand pond (near Coleville)..........csescsosenssenssseescnesesee 65 65 
Sand pond (Hamburg mountain)............cccesesteeeeeeeeseees 32 48 
SiGVS ATONE bes snopaaedbabcotiedaod acognaonoonduansgecuscqcohsocen.corenecan 23 80 
Stina Vay OS) TRAST teens ad Sood oidonchconcadts dosceoH cancobasadnacd 339 4.9 

Stic Wile wOmd acceratesanserssvededscccsesseassteusarstos en sescecr se 35 87 
Sine eve yaXot ss assondobonsocdéonno on scendscuonuh agocaatadbasenctiod 95 1.15 
Swariswoodulakersna.aceccersssescnecerecraatcomacnsececcets scene 505 163 

TM INAHVE FXETNE bncosadeno udnes- occocogcnnicWoadonos coast coed npaacnHagEo. 13 10 
Vnveaiiresd Koto): | at 910 ba esacatiGnacghoccoa acodonadoaécoosacne racasoPuecuauante OS ee  aeeee 
WWiawayaladamlakernasstermeanreccdienstncceneasdeuessodesscresse. 240 6.5 

White ake mrraemurmcctdtandsrcsosttocsssicdcssccnderesdssswensierass aE) ih rte 
AVVINILE Bl OLA teenees eciccc eee ae sreee dune saceciiece-rasismenseeeaneeess ot et Dmecscnes 


VNARISINHS (DONC. cog cosnccagho. insp post cob onsAnadopsaccaNecoSOGADanOS: 31 3.36 
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Area of Water Drainage Area— 


WARREN COUNTY. Surface—Acres. Square Miles, 
Allamuchy spond cccscevarsseccevecceccccsstests hiseeaeeesshoscatencee 56 1,80 
Gathish Pond kisccesccoeaccsssneusevecciwerssedsrsensvecsotcsncsdassees 31 65 
@édarlake\(nearsBlairstown)s.cccctercses<sccoucztersccness cers 27 1.25 
Gloven'sypOnds.cccscssscscdecssscrecunssturees SoohaOsCRSOSCOE spreesoce 13 .28 
Green's! PONGdss;. cece ccvcescacese= Rasclsccossacbsastetrcaccsavdoreresns 117 5.15 
Sand Pond wares cssversvensrovecssacavenscccesscaswurscuss soseasevseces 14 69 
ShHUsler PONG wacce-csseccscevevess Rassiecisp iseanases sends seressescte 5 14 64 
Dilventlakerccicucccrcaccscosccossscececvcecvevactesessedersytnsa 4ic 35 3.37 
Sunfish pond sc.ccrccccassacseasecccasaccsscectedacsssacesacsrsrseanecss 4l 31 
IW ItOspONU eaccaerecceatecs dasccseruss cemsuneveccescneccotecedestet 67 67 


INDEX. 


eS 


[Where ‘“‘a” precedes page number it indicates Appendix.] 


A. PAGE 

PADS COMM. was. shete usenet efancesetas cass cave ucudecatocs soeuuivesustoncasset soneeeeetureaweeece 279 

EMDRECOI OTe arse csi. siacencawen ca ycncuesavesd seadtee seanensansceddicesaundaserorneenete 279, a 48, a 
ANDROL PULOMEWY. LV ATIOUS| SOLIS cccsse sect ovoasccie's seseisenes nescsseereeve scan aneteoseetes 331 
Decrease of Floods by...... Gecaactacsvidsmenatastetecwetesutcce set naacoseaen 346 
Increase of, due to Forests or Oulnvation Vadssles nectar sauces 346, 347, 348 
Acidity of Southern New Jersey Waters............sscssscsecssascssesceees 258, 264, 299, 300 
PAGANS: GieiChrGs COscssteest asa istecdecas seers dsonevbes sense veeeeueces ekesedcss set enctTeaes 132 
PEMA MUU COrnmoney savanootincsesnsecsonesccnseuny seen sseass salsccusesevccoeess Sener occa sens 272 
PAUL EX SOCK ENE OREO crwate nase Mesos ensedsieccieatsadsccssscuestoovcsscere teers cise 246, 301, 213, 257 
PAULL AMUCIIVHE ONG sss. caacccias Uucuis sonedoontsn ase tases set snccseserse tee tcdesestencestessceras 139, 262 
JNWIGTN.CO TESS cecsqconens icanda -cockoceonbocDdnda) SoondagncoNehochodandoo Hoosagcricbancaase:codoe 251 
PAUL OW AYseteente na ccnacucesesaticansesnenssceness vues {000 Ce don Ste nCREeBIQCOUNG OODDADORTNLHOOC 262 
Alloway’s Croke Micro an uetenotenstavecsclecsecseselossc sou coseincc sane aciactines Foes sents .261, 289, a56 
PATE OSE SHBEOOK. casvncesssressucsitssvaraesdsotesseedresctecesseassscesessecestaredareccettes 218 
American Society of Civil Engineers, Transactions of..........66.-sseeeeee 45, 70, 231, 232 
ATMMMOMIA ME Pee ANG TAL GUMINOIG.-. sssssesssccsccesevsssaenassesassuatocdecesseeseees sie 304 
mAmalomink, Creek. Parcs te acceeeuctsocnccsiceaceceses cosescdecscncoasaceoawsseeawedisee 230 
Analyses, Chemical, Place of, in this Report.............-..ccccccssecsssscserenseoass 7 
IPTOPCCMUSESLOlccsscuanssacccasccssectneseoetcansadteeestsdesccs 297, 298 
Ole SUTEAMS OMthe StatOlesadcvsceecesesccesetcerntseenenmeetees 299, 306 
Interpretation of... .........006 Reeecees ChosdtigcngiacnceesccagcGd 303, 306 
Anus lekveports Sinceul CVO MEN tAtlV\secssscuseassasesessescesevedsencscessedsoesece on 3 
PARSON ARC CLIN, | WWALEIAL OW OI AL. neacessciceccenunecssesseanevedsatcannnsvatdesacaeavieeds 325 
Applications Of this ICpOrt:....+-..--eosscmesesssconsesnsiessecetessectevsse onan canereess 9,10 
PATCH OANELONMAUON, HL) CSCLIPULOMS Oltcr assess sesiestiocerecsiceseissclaessiotsasisssis'esiedsnesse 349 
Areas of Water-Sheds, Lakes and Ponds............cc.ssececscccsceesessenssceseseees a 49-a 62 
PNG DULVemN LeU be OWI Alsrectut ee stentserettaac\cscbateversisnnesesssewercttlsiscccediess tases 146 
PMG vgladl Kansan iilea secrete necas eanesdstscst toon ccsundsessecvsccascrsientieersncecsen sees 317 
JNeporayarbat!< (ChE) onnsaansonscce nacopdonododapgasnon acon ovaaa Saco c BoBC ac Gg HAAS LOEnOCH BCCI IGO. 249, a 57 
WiliZed@MowemUpOnicccrccceccrescovteaccsssacacaseoseaanemrces ete: a7, a34 
PNESISCUMIKN OLCE Kemeamsasese satiate odsarsccnteicassdasssessassetrcsssvereadausmecee sation 252, a 35, a 57 
Asylum for Insane, at Morris Plains.................csseseeasccerrersrensescersevcccers 315 
Trenton......... ADOC OOOO OCU REESE QOnUEAnONG: CHRIS AeuCROOU 315 
Atco, Average Annual Precipitation at.........cccsscccsereeeeees aacaccmonkicgneaseesece 14 
Percentage of Precipitation in each Season at.ssecsereerseesees toseeve toes 15 
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PAGE 
Atkinson, Asherinvsnacecesoesssermar<sscossueseccsacccereasnsstsarenscovetsecuversnamencrese 10 
Atlantic City, Average Annual Precipitation at.......-..ssecceesesseeeeeeecerenees 14 

Percentage of Precipitation in each Season at....-scveereesseees 15 
Water-Supply of..............cssessecencssseescenssresseesevocesrecescnneee 317 

Atlantic Coast Streams (see Coast Streams). 
PAtHlanbrCnElio Wan dSeaceetasacerseseeseassens sane men enire sen sencssnasiecene Bisesodornoncnzoce 317 
INT RSTO) hanpecoan iecrion ca Bec anaC GOCKICE Rico dOc Snr ee Our Gog untoe BaD eanUSuaRaEOnoGe eae acces 283 
Atsion River, or Mullica’ River.........0..c.cc.sesscscssoereutsoneenssoser ses 282, 283, a44, 255 
Average Year not a Natural Year........... ceccceoe csesseneceeeenereecececesseeseeeees 21, 293 
Averages, Uselessness of in Study of Stream-Flow............+-seeceeseseerseveeeeee 3 

B. 
Babb, Cyrus C., Paper by.......:ssserescssersccevesersncenevereccesssseesresccnrercen sess 70 
TBeH oa stel teh Oia ae scnpeceaecoo creo decousebacn ddr snap ore CNODEnEABcacndoaciersdn 278, 279, 243, 055 
TREYGIES (Chae I cot cubanaemecoroctaSasenC ON SoocbnOosE Lipa obdachane sHecokboo.aspoScenacurdedsog 251, 800, a34 
Bakers Mills mWapersPower atv jecsscnssne:sseince scree durante due Mectce ees enaueadeinnidae 188 
Baleyille mv ater- Owen atucccccsnecseveoscceneene-gensetcgeraecencrevurachiatesnsw ste ee 134 
Baltimore, Md., Average Annual Precipitation at.....-.....cceccecsssceceseeesvaes 14 
Percentage of Precipitation in each Season at........ssceeseeee 15 
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(See Flow.) 
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